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Increasing age has been seen to bring about changes in the 
histology of the thyroid gland in man (Dogliotti and Nizzi Nuti, 1935) 
and in other animals (Andrew and Andrew, 1942; and Garner and Bernick, 
1975). These histological changes are accompanied by decreases in 
both the thyroid secretion rate (Grad and Hoffman, 1955; and Story, 
1972) and the uptake of iodine by the thyroid (Wilansky et al., 
1957; Gaffney et aj_., 1962; and Hansen et , 1975). A number of 
investigations have failed to demonstrate any effect of age on the 
circulating levels of thyroxine (Gaffney et , 1950; Gregerman 
et , 1962; and Braverman et al_., 1966). 
Exercise has been reported to alter the activity of the thyroid gland 
as evidenced by reduction in its colloid content (Orma, 1957). Increases 
in thyroid secretion rate (Irvine, 1967, 1968; and Story, 1972) as well as 
decreases in circulating thyroxine (Bondy and Hagewood, 1952; and Escobar 
del Ray and Morreale de Escobar, 1956b) have also been reported with 
exercise. 
The majority of investigators have reported a decrease in lipid con­
centration with exercise in the rat fMontoye et aj_., 1962; Jones et al., 
1364; and Carlson and Froberg, 1969). Results vary as to which specific 
lipids are lowered. This variation may be attributable to the different 
types of exercise employed. 
The relative weight of the rat heart increases with exercise (Van 
Liere and Northup, 1957; Gollnick, 1963; and Balsam and Leppo, 1974). 
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This cardiac enlargement has been accompanied by increases in the DNA and 
RNA content of the heart. Since the number of cardiac muscle cells in the 
rat remains constant after 3 weeks of age (Rabinowitz and Zak, 1972), it 
would appear that the increase in DNA must be attributed to the connective 
tissue of the heart. Varied reports have been published concerning the 
effect of exercise on cardiac collagen content (Bartosova et , 1969; 
and Tomanek et , 1972). 
Reports of the effects of exercise on the testes have varied 
(Kimeldorf and Baum, 1954; Hanson et , 1967; and Tipton et , 1968). 
The functional integrity of the seminal vesicles depends on the production 
of testosterone by the testes (Porter and Melampy, 1952; and Rudolf and 
Starnes, 1954). Thus, the seminal vesicles can be used as an indicator 
of the endocrine state of the testes. 
The purpose of this study was to investigate the effects of exercise 
on circulating thyroxine, the heart, seminal vesicles and serum and liver 
lipid concentrations in the rat. It was also of interest to determine 
whether or not changes in the latter three parameters were related to 
thyroxine levels. A human study also was done to examine the effects of 
age and exercise on thyroxine concentrations. 
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REVIEW OF LITERATURE 
The Thyroid 
Effect of age 
Histological changes in the thyroid gland with age have been observed 
by several investigators. However, these observations have differed 
considerably. Dogliotti and Nizzi Nuti (1935) examined human thyroids, 
which had been collected at autopsy. They eliminated those thyroids 
which were diseased or which came from individuals who had died of serious 
infections. Their results showed that the thyroids of aged humans 
demonstrated both hyperplasia and hypertrophy of the thyroid follicles. 
Another opinion on the changes in the thyroid with age was reported 
by Andrew and Andrew (1942). They examined the thyroids of young 
(-50 days), middle aged (~350 days old) and old (~700 days old) mice. 
They found that the thyroids of the old animals possessed follicles which 
were hyperdistended and surrounded by flattened epithelial cells. 
These seemingly contradictory data were clarified by Garner and 
Bernick (1975). They sacrificed rats and examined their thyroids at 
birth, after weaning and bimonthly until the age of 24-26 months. They 
reported that there are four stages in thyroid development: (1) from 
birth through 3 months of age the thyroid follicles increase in number and 
in size; (2) from 4 months to 10 months the follicles remain uniform in 
size and the epithelium surrounding them is cuboidal or low columnar; (3) 
from 10 to 15 months old the follicles become hyperplastic, the epithelial 
cells become tall columnar with the amount of stored colloid reduced; 
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(4) after 15 months the thyroid has both hyperplastic follicles and dis­
tended follicles lined with squamous epithelium. As the animals reached 
26 months of age, there was a progressive increase in the number of dis­
tended follicles. 
Thus, the earlier differences in observations of the senile thyroid 
gland can be attributed to the fact that the investigators used animals 
of different age groups. Dogliotti and Nizzi Nuti (1935) appear to have 
examined stage 3 of thyroid development. Andrew and Andrew (1942) seem to 
have viewed stage 4 development. 
Grad and Hoffman (1955) were the first to compare the thyroid secre­
tion rates of young animals to those of old animals. They employed the 
Dempsey-Astwood goiter prevention assay. This assay examined the amount 
of thyroxine which must be administered to an animal to overcome the 
goitrogenic effects of thiouracil. Their results showed that the younger 
rats (4.5 months old) had a higher thyroid secretion rate than the older 
ones (29 months old). 
Wilansky et (1957) continued this work by examining the 24 and 40 
1 hour uptake of I by the thyroids of young (4-5 months old) and old 
(24-25 months old) rats. In both cases the thyroids of the young animals 
took up more of the administered iodide. They also examined the thyroid 
secretion rates of the animals by determining the amount of exogenous 
131 thyroxine which had to administered to block the release of the I from 
their thyroids. The outcome of this procedure was that the young animals 
had a thyroid secretion rate of 2.25 yg/100 g body weight/day and the old 
animals had a rate of 1.75 yg/100 g body weight/day. 
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Story (1972) used essentially the same procedure as Wilansky et al. 
(1957) and also noted a decrease in thyroid secretion rate with age. 
Gaffney ^ al_. (1962) approached this problem in a different manner. 
131 They injected a dose of I into human male subjects, ages 41-94, and 
measured the per cent uptake by the thyroid, the per cent of the dose in 
the blood and the renal excretion rate of the dose. By dividing the rate 
of the per cent dose uptake by the thyroid over a two hour period {% dose 
per minute) by the per cent dose in the blood midway during that period 
(% dose per ml), they calculated the thyroidal plasma clearance in ml per 
minute. Their results demonstrated a decrease in the plasma clearance of 
the thyroid gland with advancing age. 
However, they also found a 55% decrease in the renal radioiodide 
clearance of the 80-89 age group as compared to the 50-59 age group. This 
result was to be expected from the earlier work of Lewis and Alving (1938) 
and Ackerman and Iverson (1953). The former investigators found a 46% 
decrease in urea clearance in the age span of 40-89 year old humans. The 
latter investigators demonstrated that there is a positive correlation 
between urea clearance and radioiodide excretion rate. 
These findings on decreased renal excretion of radioiodide indicate 
that the decrease in thyroidal plasma radioiodide clearance calculated by 
Gaffney et (1962) does not necessarily mean that the thyroid is taking 
up less iodide with increasing age. The decrease in the excretion of 
radioiodide with age would give rise to a higher per cent dose in the 
blood. This could cause a spurious thyroidal plasma radioiodide clearance 
value to be calculated. 
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This problem was overcome by Hansen et (1975). They calculated 
the concentration of plasma inorganic iodide and multiplied it by the 
thyroidal plasma radioiodide clearance to give a new value, the absolute 
iodide uptake. Their results demonstrated that in the human age span of 
20-90 years this value decreased by 60%. 
Despite the changes with age in the morphology of the gland and the 
uptake of iodide by the thyroid, the majority of the reports in the 
literature indicate that the concentrations of thyroxine (T-4) in the 
blood do not vary with age. Neither Gaffney et (1960), who examined 
192 men, 18-94 years old, nor Gregerman et (1962), who examined 73 
men, 18-91 years old, reported any changes in the protein-bound iodine 
(FBI) in plasma. 
Braverman et (1966) examined the per cent of free thyroxine, FBI 
and T-3 resin uptake levels in 99 human subjects 2-87 years old. They 
found no changes with age. Hansen et (1975) also reported no change 
in serum thyroxine with age in males. They did report a decrease in serum 
thyroxine levels in females with increasing age. They stated that this 
may be due to a decrease in the concentration of the thyroxine binding 
globulins which are estrogen dependent. 
Herrmann et (1974) reported a decrease in thyroxine concentra­
tions from 7.8 ug/100 ml, in a group 20-64 years old, to 6.4 yg/100 ml, in 
a group 65-92 years old. 
In contrast to the reports of the stability of thyroxine levels with 
increasing age, there have been several reports of decreasing triiodo­
thyronine (T-3) with age. Rubenstein ^ al_. (1973) examined 127 men and 
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women whose ages varied from 5-93 years old. They found a decrease in 
serum T-3 from 140.8 ng/100 ml for those 5-9 years old to 92.2 ng/100 ml 
for those 80-93 years old. The T-3 values of the oldest group, although 
markedly reduced from those of the youngest group, were still higher than 
the values which were determined for hypothyroid individuals. 
Both Herrmann et (1974) and Hansen et (1975) have reported 
similar findings of T-3 values with age. Rubenstein et (1973) attri­
bute the decrease in T-3 with age to three possible causes: (1) a de­
crease in the amount of T-3 secreted by the thyroid; (2) a change in the 
rate in which T-4 is deiodinated to T-3 by peripheral tissues; (3) an in­
crease in the utilization of T-3 as compared to that of T-4. 
In summary, increasing age causes changes in the morphology of the 
thyroid and causes a decrease in both the thyroid secretion rate and the 
circulating levels of triiodothyronine. However, age does not seem to 
cause a decrease in the circulating levels of thyroxine. 
Effect of exercise 
Bondy and Hagewood (1952) were among the initial investigators of the 
effect of exercise on thyroid function. They exercised euthyroid rats and 
thyroidectomized rats which were receiving exogenous thyroxine by a single 
kmi r\-Ç o vl-i a i ic n \/û c»»»Tmm-înn Thôîv^ v^ûcnl+e Homrvnc + +o/H a ir' + î rin t n 
the PBI levels. This PBI decrease occurred even when it was maintained by 
a constant source of thyroxine, as was the case with the athyroid animals. 
Lashof et (1954) were unable to find any effect of exercise on 
thyroid metabolism. They reported that neither 14 miles of walking nor 15 
minutes of swimming resulted in a change in the levels of circulating 
8 
thyroxine in humans. These results were supported by the initial findings 
of Escobar del Ray and Morreale de Escobar (1956a). They examined the 
131 disappearance rate of I-thyroxine in rats which had been swum for an 
hour, rested an hour and swum for a second hour. No differences in the 
disppearance of thyroxine in the exercised animals were seen as compared 
to the controls. However, both groups of investigators noted that more 
prolonged periods of exercise might be necessary to demonstrate changes in 
thyroxine metabolism. 
The proposed requirement of a longer exercise period was demonstrated 
to be true by Escobar del Ray and Morreale de Escobar (1956b). In this 
study their exercise protocol consisted of 6 hours of running per day for 
131 2 days. Their results demonstrated an increased disappearance of I-
thyroxine with exercise. They concluded that in their initial work the 
exercise did not take place over a long enough time. In the period of 3 
hours, which they employed, only increases in the disappearance rate of 
100% or more would fiave been detected. 
Orma (1957) examined the histological changes in the thyroids of 
cockerels. The animals were allowed to roam free in large pens or were 
kept in small cages. His results demonstrated that the exercise provided 
by roaming led to a lower colloid content in the thyroid follicles. This 
was indicative of a more active thyroid. 
131 The effect of spontaneous exercise on thyroid levels of I in rats 
was examined by Rhodes (1967). His results showed that control animals 
contained twice as much iodine in their thyroids as did those of exercised 
animals. He explained these findings by theorizing that the exercised 
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animals utilized more of the thyroid hormones. Thus, more of the dietary 
radioiodide was converted to circulating hormone and less was stored in 
the thyroid. 
Irvine (1967) studied the effect of exercise on the thyroid secretion 
rate and the FBI level of horses. Partially trained horses (6 weeks of 
exercise) showed a 38% increase in thyroid secretion rate and a 14% de­
crease in FBI. Fully trained horses (12 weeks of exercise) showed an in­
crease of 65% in thyroid secretion rate and a decrease of 39% in PBI. 
In a later study, Irvine (1968) expanded his study to include humans. 
He examined the effect of 5 days of running on the thyroid secretion rate 
of athletes and non-athletes. The athletes showed an increase of 75% and 
the non-athletes an increase of 40% in their thyroid secretion rates as 
compared to the resting rates of non-athletes. 
Story (1972) employed swimming to exhaustion for 8 weeks in young 
(70 days old) and old (200 days old) rats. He found a stimulation of 
thyroid activity. His results showed that the exercised animals had 
higher thyroid secretion rates than the non-exercised ones, regardless of 
age. 
Winder and Heninger (1971) attempted to study the question of why 
there is a difference in thyroid activity with exercise. Their method of 
approach to this question was to study the thyroid degradation rate. This 
parameter, according to Ingbar and Freinkel (1955), is equivalent to the 
thyroid secretion rate in the steady state. After 5 weeks of running 
exercise their rats showed significant decreases in plasma thyroxine and 
significant increases in liver thyroxine levels. There were no observed 
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changes in the thyroxine concentrations of the heart, kidney or gastroc­
nemius muscle. They suggested that the increase in thyroid degradation 
rate was not due to increased deiodination of thyroxine in muscle, but 
rather to an altered uptake and degradation by the liver. 
Winder and Heninger (1973) furthered their investigation by reporting 
that exercise resulted in an increase in the circulating levels of free 
thyroxine in rats. This confirmed the earlier reports of the exercise 
effect in humans (Terjung and Tipton, 1971). They also found a decrease 
in the thyroxine half-life in exercising animals, but no change in the 
in vitro deiodinatinq activity of liver, muscle or kidney homogenates. 
They postulated that the increase in thyroxine degradation rate is due to 
the increase in free thyroxine which exposes more thyroxine to deiodinat-
ing enzymes. This is especially important in the liver, where uptake is 
sensitive to changes in free thyroxine concentrations. 
The effect of exercise on the circulating levels of T-3 was examined 
by Balsam and Leppo (1974). They undertook to study how 12 weeks of 
treadmill running, in rats, affected thyroxine and T-3 metabolism and 
distribution space (which according to Gregerman and Crowder (1953) is 
"that space in which a tracer dose of thyroxine would be found if it were 
distributed at a concentration equal to that of the plasma"). In this 
study exercise produced an increased clearance of 26% for thyroxine and 
17% for T-3. This was attributed to similar increases in total and liver 
distribution space. It was suggested that the effect of physical training 
on the metabolism of the thyroid hormones is accomplished mainly by the 
liver. 
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A similar exercise study in humans (Balsam and Leppo, 1975) demon­
strated an increase in metabolic clearance of T-3 accompanied by no change 
in its circulating level. By multiplying these two parameters, it was 
found that there was an increase in the absolute degradation of T-3 of 
10.3%. In contrast to these findings, thyroxine clearance was unaffected 
by exercise, and its circulating level was decreased. This causes the 
absolute degradation rate of thyroxine to decrease by 8.8%. They attri­
buted the difference between their findings and those of other workers, 
with respect to thyroxine degradation, to the different exercise protocols 
employed. 
Lipids 
Effect of thyroid hormones 
The relationship of the thyroid hormones to cholesterol biosynthesis 
and degradation is well documented. Kritchevsky (1960) reviewed the sub­
ject and stated that cholesterol synthesis increased in the hyperthyroid 
state and decreased in the hypothyroid state. The serum cholesterol 
levels in these states, however, reflect an opposite trend. This is be­
cause the thyroid hormones stimulate the metabolism and excretion of 
cholesterol to a greater extent than they do its synthesis. 
The fact that cholesterol appears to be a feedback repressor of 
its own biosynthesis in the liver has been pointed out in reviews by 
Dietschy and Wilson (1970) and Bortz (1973). The point in the synthesis 
of cholesterol where this inhibition takes place was investigated by 
Shapiro and Rodwell (1971). They found that cholesterol feeding resulted 
in a 22% decrease in the synthesis of cholesterol from acetate. This 
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was accompanied by a parallel 17% decrease in B-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase activity (this is the enzyme that cata­
lyzes the conversion of HMG-CoA to mevalonic acid in the synthesis of 
cholesterol). There was no observed change in the conversion of either 
acetyl-CoA to HMG-CoA or from mevalonic acid to cholesterol. They con­
cluded that HMG-CoA reductase appears to be the regulatory enzyme in the 
synthesis of cholesterol from acetyl-CoA. 
These findings were substantiated by Wiggins and Rudney (1973). 
They also reported that cholesterol inhibits HMG-CoA reductase in two 
ways. Initially, it inhibits the activity of the enzyme and later it 
inhibits the synthesis of the enzyme. 
Dietschy and Wilson (1970) hypothesized that factors, such as the 
thyroid hormones, which influence cholesterol biosynthesis, act by regu­
lating the amount of cholesterol which reaches the liver. The control 
of liver cholesterol content would, in turn, modulate the activity 
of HMG-CoA reductase activity. This theory of the involyement of the 
thyroid hormones in HMG-CoA reductase activity is supported by the 
findings of Ness et (1973). They reported that the administration 
of triiodothyronine to hypophysectomized rats resulted in a three-to 
four-fold increase in the activity of HMG-CoA reductase. The rate of 
cholesterogenesis was elevated to a similar extent. 
Lakshmanan e^ al_. (1975) investigated the question of whether 
hormones and dietary factors act directly on HMG-CoA reductase or if 
their effects are mediated via cholesterol. Their results indicated 
that neither case was true. Although cholesterol does seem to act as a 
mediator, a cholesterol feedback inhibition of HMG-CoA reductase is too 
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simple an explanation. This is because there can be great variation in 
HMG-CoA reductase activity with no change in liver or serum cholesterol 
concentrations. They stated that the regulator of cholesterol levels in 
the body is probably the bile salts. This conclusion is based on the 
findings of Shefer ^ (1973) that the feeding of bile salts to rats 
results in a decrease in the activity of both HMG-CoA reductase and 
cholesterol 7a-hydroxylase, the rate limiting steps of cholesterol syn­
thesis and degradation, respectively. 
The findings of Mayer and Voges (1972) that hypophysectomy results 
in a decrease in cholesterol-7a-hydroxylase activity and those of Ness 
et (1973) that hypophysectomy causes a decrease in HMG-CoA reductase 
activity indicate that these two enzymes are coordinately controlled. 
Thus, factors influencing cholesterol metabolism in the body could do so 
through the relative activities of these enzymes. 
This theory is supported by research which involved the use of 
cholestyramine (a resin which binds the bile salts and prevents their 
reabsorption). Goldfarb and Pitot (1972) reported that the feeding of 
cholestyramine resulted in a five-to thirty-fold increase in HMG-CoA 
reductase activity. Boyd et a1_. (1973) found that administration of 
this resin caused a rise in the activity of cholesterol-7a-hydroxylase. 
Thus, it is possible that the increased gastric motility seen in 
the hyperthyroid state would lead to an increased clearance of the bile 
salts from the body. This would remove the inhibition imposed by the 
bile salts and result in an increased synthesis and degradation of 
cholesterol. 
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The relationship between the thyroid hormones and plasma triglycer­
ides has not been as extensively investigated as the cholesterol rela­
tionship. O'Hara et^. (1966) have reported that, in patients diagnosed 
as myxedemic (a condition characterized by a dry, waxy type of swelling 
with abnormal deposits of mucin in the skin, associated with hypo­
thyroidism), administration of thyroxine was successful in lowering plasma 
triglyceride levels. Story (1972) found that serum and hepatic tri­
glyceride levels were inversely related to thyroid secretion rates. 
Effect of exercise 
There have been a number of studies on the effect of exercise on 
tissue and serum lipids. An ambiguity in the reported results exists, 
however. This lack of uniformity is due, at least in part, to the fact 
that there is no standardization with regard to the type or duration of 
the exercise employed. 
Jones et (1964) employed swimming to exercise rats for 15 weeks. 
The daily duration of swimming was gradually increased until they were 
able to swim for 2 one-hour periods, with 3.5% of their body weight 
attached to the tail. This level of exercise was maintained for the final 
6 weeks of the experiment. The results demonstrated that the exercised 
animals had lower serum cholesterol and lower total hepatic lipids than 
did the non-exercised animals. 
Montoye et (1962) employed unweighted swimming for 2 one-hour 
bouts of swimning per day for 3 months. Their results showed a decrease 
in both total and free serum cholesterol concentrations. Papadoupoulous 
et (1969) also employed unweighted swimming, but the swim time was 
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changed to 4 hours a day for a 4 week period. They found a decrease in 
plasma cholesterol and triglyceride levels. 
Story (1972) and Witte (1974) swam rats daily, to exhaustion, for 10 
weeks. This exhaustive swimming was accomplished by the addition of a 
wetting agent to the water (to prevent the animal's fur from trapping air) 
and by attaching a weight equivalent to 4% of the animal's body weight to 
its tail. Story reported a lowering of both serum cholesterol and hepatic 
triglyceride concentrations in young animals (70 days of age) but only 
serum cholesterol was lowered in old animals (200 days of age). Witte 
also found a lowering of serum cholesterol with exercise. 
Carlson and Froberg (1969) exercised rats by running them at a speed 
of 30 cm/second, 3 hours a day for 3 weeks. Their results demonstrated a 
lowering of triglycerides in both liver and plasma, but cholesterol levels 
were lowered only in the serum. Watt et (1972) ran rats for 8 weeks, 
gradually increasing the intensity of the exercise until for the final 3 
weeks they were moving at a speed of .58 miles per hour for 90 minutes. 
There was a resulting decrease in both serum cholesterol and tri­
glycerides. 
Some researchers, however, have not been able to demonstrate a 
decrease in serum cholesterol levels with exercise. Gollnick (1963) 
used unweighted-swimming, 30 minutes per day for 22 weeks, with rats 
and reported no decrease in serum cholesterol levels, although there 
was a lowering of liver cholesterol levels. Naito (1971) employed the 
same exercise technique as did Story (1972) and Witte (1974) and found 
no decrease in serum or hepatic cholesterol, although he did report 
a decrease in serum triglycerides. 
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Malinow et (1968a) initiated an investigation of the cause 
for the observed decrease in cholesterol levels with exercise. They 
14 injected cholesterol-26- C into rats and then exercised them in a 
revolving drum, while collecting the expired carbon dioxide. The 
exercised animals were found to have higher levels of ^^C-carbon 
dioxide than did the controls. Malinow et^ al_. (1968b) continued this 
line of study by injecting rats with tracer doses of cholesterol, 
electrically stimulating their hindlimbs and measuring the expired 
carbon dioxide. As in the initial work, the rats which were exercised had 
higher amounts of in their expired air. They suggested that this in­
crease in cholesterol oxidation is due to an increase in the formation of 
bile acids, since in this process the carbons of the side chain of cho­
lesterol are removed and catabolized to carbon dioxide via the tricar­
boxylic acid cycle. 
T ^ ^ ^  1 ^  C ^  4- ^ ^  «m 4» m £ «* ^ ^ 4 
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were responsible for the increase in catabolism of cholesterol with 
exercise. They employed the same procedure as in their earlier work 
(1968b) on rats which had their livers and/or adrenals removed. Their 
results suggest that these two organs are mainly responsible for 
splitting the cholesterol side chain both at rest and during exercise. 
This suggestion of the involvement of the adrenals in cholesterol 
metabolism is supported by the work of Mervi and Dietschy (1974). 
They stated that, although adrenalectomy did not affect the rate of cho­
lesterol synthesis under various stimuli, there was a rise in hepatic 
cholesterol esters. This indicates a decrease in the ability of the liver 
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to catabolize and/or clear cholesterol. However, this does not mean that 
the adrenalcorticoids necessarily play a direct role in the metabolism of 
cholesterol by the liver. The effect may be due to a non-specific change 
in the adrenalectomized animal. 
Carlson and Froberg (1969) stated that the lowering of triglycerides 
with exercise may be due to an increased tissue uptake of plasma tri­
glycerides and/or a decrease in liver formation of triglycerides. As con­
cerns the first of these mechanisms it should be recognized that exercise 
should increase the flow of substrates to muscle. This could result in an 
increase in plasma triglyceride fatty acid uptake due to either increased 
blood flow or increased activity of lipoprotein lipase (this enzyme pro­
motes the hydrolysis of both chylomicron-triglycerides and low density 
lipoprotein-triglycerides). This proposed increase in muscle uptake of 
triglycerides is supported by the findings of Jones and Havel (1967) who 
reported that exercise increased the rate of chylomicron removal from 
plasma. The uptake by the liver was unchanged, but the uptake and oxida­
tion of the chylomicrons by the heart and muscle was increased by exer­
cise. 
In regard to their second proposed mechanism, Carlson and Froberg 
(1969) stated that exercise could decrease the availability of substrates 
(free fatty acid from adipose tissue, fatty acids from chylomicrons, and 
carbohydrates for lipogenesis) which the liver uses to synthesize tri­
glycerides. If the peripheral muscle tissues use these substrates for 
energy production during exercise, then they would not be available to 
the liver for the synthesis of triglycerides. 
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Lopez-S. et (1974) have suggested another factor that may be in­
volved in the decrease of serum lipids with exercise. They found that a 7 
week program of exercise in humans resulted in a decrease in serum tri­
glycerides, serum cholesterol, very low density lipoproteins and low 
density lipoproteins. They suggested that the effect of exercise on serum 
lipids is due to its effect on the lipoprotein fraction in the serum. 
Cardiac Hypertrophy 
Effect of thyroid hormones 
The relationship between the size of the heart and the thyroid has 
been studied for many years. Several investigators (Hoskins, 1916; 
Herring, 1917; Hewitt, 1920) found an increase in the size of the heart in 
rats after they were fed fresh thyroid glands. Later, the feeding of 
dried thyroid glands (Cameron and Carmichael, 1920) or desiccated thyroid 
powder (Ullrick and Whitehorn, 1952) resulted in similar findings. 
Gemmill (1958) administered triiodothyronine to rats via the drinking 
water. He found a 35% rise in their relative heart weights. Several in­
vestigators have reported similar results after the injection of triiodo­
thyronine (Gross and Pitt-Rivers, 1953; Van Liere ^ al_., 1969; Van Li ere 
and Sizemore, 1971). 
Sandler and Wilson (1959) were the first to examine the effects of 
thyroxine on the size of the heart. Their findings showed a 40% increase 
in the wet weights of the hearts in rats receiving thyroxine. This 
finding of an increased heart size with thyroxine administration was 
supported by the results of several other investigators (Beznak, 1962, 
Beznak et ^.,1969; Symons e^ , 1975). 
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Effect of exercise 
The finding of an increase in heart size with exercise seems to 
be a common thread running throughout exercise research. It does not 
appear to matter what type of exercise is employed. Montoye et al. 
(1962), Gollnick (1963) and Story (1972) employed swimming as their 
mode of exercise. Although they differed in the intensity and duration 
of their exercise protocols, all found that the exercised animals had 
higher relative heart weights. 
The same trend toward increased heart weights with exercise has 
been reported by investigators who ran their animals (Van Liere and 
Northup, 1957; Tomanek e^ al_., 1972; Watt ejb ^., 1972; Balsam and 
Leppo, 1974). McCafferty and Edington (1974) also reported an increased 
heart weight with running in young and middle aged rats (90, 150, 300, 
and 450 days old). However, in old rats (600 days old) the exercised 
animals had lower heart weights than did the controls. This may 
indicate that the initiation of exercise at too old an age might be 
detrimental to an animal's heart. 
Numerous studies have been undertaken to discover the biochemical 
changes which occur within the hypertrophied heart. I am going to 
limit my literature review to those factors with which my research 
dealt: DNA, RNA and collagen. 
In the adult heart, cardiac muscle grows exclusively by increasing 
the size of its cells. It does not increase the number of its cells. 
In the rat heart, muscle cell division ceases when the animal is 3 
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weeks old (Rabinowitz and Zak, 1972). However, experiments with induced 
cardiac hypertrophy have demonstrated an increase in total cardiac DNA 
content (Grimm e;t^., 1966; Grove ^ , 1969a; Grimm e;t^., 1970). 
This increase in cardiac DNA is due, in part, to a two-fold increase 
in polyploidy (nuclear division without cell division) in the cardiac 
muscle cells. However, polyploidy can account for only 1% of the increase 
in the total DNA content (Grove et ^., 1969a). Autoradiography studies 
have shown that the uptake of tritiated thymidine is limited to the 
non-muscular cellular elements, mainly connective tissue (Grove et al., 
1969a). Thus,the increase in DNA content with cardiac hypertrophy can 
be attributed to an increase in mitotic activity of the connective tissue 
cells. 
There is also an increase in cardiac RNA which accompanies cardiac 
hypertrophy. Nair e^ a%. (1968) have shown that, after banding the 
aorta, both the concentration and the total content of cardiac RNA 
increased within 24 hours. This increase was studied further by Koide 
and Rabinowitz (1969). They demonstrated that 2 days after the 
banding procedure the rate of RNA synthesis in hypertrophied hearts was 
four times that of the control hearts. 
Since there is an increase in mitotic activity of the connective 
tissue cells with cardiac hypertrophy, examination of collagen content 
is of interest. Bartosova ^ (1969) studied cardiac hypertrophy 
induced by various factors. They reported that thyroxine administration 
resulted in an increase in the weight of the heart accompanied by a 
decrease in collagen content. This indicates that thyroxine causes the 
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muscular portion of the heart to grow faster than the collagenous 
portion. Exercise was found to cause an increase in both heart weight 
and collagen content in young rats (2.5 months old). This stimulus 
appears to cause both muscle and collagen growth. 
Their results with thyroxine administration and exercise were 
substantiated by Einspahr (1974), and Chvapil et (1973), 
respectively. 
However, Tomanek et (1972) found no increase in cardiac collagen 
content with exercise, even though hypertrophy did occur. 
Seminal Vesicle Size 
Effect of thyroid hormones 
The seminal vesicles are one of the primary sex structures of the 
male reproductine tract. Their functional integrity depends upon the 
secretion of testosterone by the testes. This dependence was demonstrated 
by the findings of Porter and Melampy (1952). They reported that 20 
days after castration there was a 73% decrease in the weight of the 
seminal vesicles of the rat. Further evidence was reported by Rudolf 
and Starnes (1954). They found that castration resulted in a decrease in 
both the weight and the oxygen consumption of the seminal vesicles. 
Because of the dependence of the seminal vesicles upon testosterone, 
they can be used as an index of testosterone production by the testes. 
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Testosterone is produced by the interstitial cells of Leydig, 
which are located in the tissue between the seminiferous tubules. 
Greep and Fevald (1937) reported that the administration of follicle 
stimulating hormone (FSH) to hypophysectomized rats prevented an 
interruption in sperm production, but that the sexual accessory structures 
underwent regression. The administration of luteinizing hormone (LH) 
maintained both gametogenic and endocrine activities of the testes. 
Hall and Eik-Nes (1962) found that in rabbits there is an increase 
in the incorporation of ^^C-labelled acetate into testosterone with 
either LH or FSH administration. They stated that the effect of FSH 
may have been due to the fact that the FSH was not completely pure, but 
rather did contain some LH. 
Eik-Nes (1962) demonstrated that in dogs the administration of LH 
resulted in both an increased testosterone secretion and an increased rate 
of formation of testosterone from labelled acetate. An increase in the 
secretion of testosterone with FSH administration was also noted. She 
stated a synergism may exist between these two hormones in their effect on 
testosterone production. 
In a study of the spermatogenic functioning of the testes, Clermont 
and Harvey (1967) reported that the independent administration of testos­
terone, LH or FSH to hypophysectomized rats resulted in similar results. 
They concluded that spermatogenesis in the rodent depends primarily on the 
levels of androgen present and that this, in turn, depends primarily on 
LH. 
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Hafiez et £!_. (1972) investigated the role of the third 
gonadotrophic hormone, prolactin (LTH), in testosterone production. 
They reported that in the hypophysectomized rat LH will cause a rise 
in circulating testosterone levels but that there is a greater rise 
when LTH is administered with LH, indicating a synergistic effect. 
Thus, it appears that the production of testosterone depends on 
the presence of the gonadotrophic hormones. LH seems to be the primary 
hormone involved, but FSH and LTH may have synergistic roles. -
The fact that the thyroid hormones' effect on testosterone pro­
duction is mediated through the hypothalamus was reported by Eartly and 
Leblond (1954). They found that the administration of thyroxine to 
hypophysectomized male rats was effective in raising the relative 
weights of organs such as the heart, spleen and liver. However, the 
relative weights of the seminal vesicles and the testes were not 
increased. 
Further research had demonstrated that not only are the effects of 
the thyroid on the gonads produced via the hypothalamus but also that 
the thyroid is necessary for the gonadotrophic functioning of the 
pituitary. Contopoulos e;t aT_. (1958) demonstrated that the thyroid 
hormones are necessary for the production of the gonadotrophic hormones. 
They reported that the anterior pituitaries of thyroidectomized male 
rats had a lower FSH and LH content than did those of normal animals. 
Contopoulos and Koneff (1963) reported that thyroxine replacement in 
thyroidectomized female rats was successful in raising the LH content 
of the pituitary, but not the FSH content. Hagino (1971) found that 
thyroidectomy in young female rats delayed the normal onset of ovulation. 
It may not be possible to apply the thyroid-gonadotrophic findings 
in the female rat to male rats. Baksi (1973) examined the levels of 
circulating LH and FSH in propylthiouracil (PTU)-induced hypothyroidism 
in rats of both sexes. In the females there was no significant 
reduction in gonadotrophins. However, in the male, serum LH decreased 
with PTU administration. 
Effect of exerci se 
There do not appear to be many reports in the literature concerning 
the effect of exercise on testosterone production. Kiraeldorf and 
Baum (1954) reported that exhaustive swimming for 1 month resulted in 
an increase in the relative weight of the testes in rats. Hanson et al. 
(1967) found that swimming rats for two 30 minute periods per day for 
6 weeks resulted in no change in testes weight. Neither of these reports 
examined circulating levels of testosterone or the size of the 
accessory sex structures. 
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MATERIALS AND METHODS 
Treatment of Animals 
Male Sprague-Dawley rats were maintained in a light controlled 
(8 A.M.-10 P.M.) and temperature controlled (24 + 3°C) room for the 
duration of the experimental period. Food and water were provided to 
the animals ad libitum. 
The animals, 100 days of age at the initiation of the experimental 
period, were randomly divided into two groups: an exercise group, whose 
members were exercised 5 days a week by treadmill running and a non-
exercised control group. 
Thyroid secretion rate 
Prior to the initiation of exercise, the thyroid secretion rates of 
both groups of animals were determined by the iodine-131-thyroxine 
substitution procedure according to the method of Story (1972). 
Exercise technique 
The mode of exercise employed in this experiment was treadmill 
running. This exercise protocol was used because earlier studies in 
our laboratory, which employed swimming as the mode of exercise, resulted 
in an unacceptably high death rate. The animals were exercised by 
running on a motor driven treadmill which was constructed in our 
laboratory employing modifications of the plans of Jette et (1969). 
These modifications are listed in Appendix A. 
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The animals were exercised for 12 weeks, with the first week serving 
as a conditioning period. During this week of conditioning the animals 
were run at a gradually increasing rate of speed so that by the end of the 
week they were capable of running at a speed of 1 mph for 15 minutes. The 
exercise period was increased by 5 minutes per week, so that at the end of 
week 10 the animals were running at a rate of 1 mph for a full hour. This 
rate of exercise was maintained for the final 2 weeks of the exercise 
period. 
During the course of the experimental period, weekly weights of the 
animals in both groups were taken to insure that the mode of exercise was 
of sufficient intensity. 
Handling of tissue 
At the conclusion of the 12 week exercise program the animals were 
placed under light ether anesthesia and exsanguinated by cardiac puncture. 
The blood samples were allowed to clot, and then centrifuged. The serum 
was removed and frozen at -20°C for later analysis of cholesterol, tri­
glycerides and thyroxine concentrations and T-3 resin uptake values. 
The liver was removed and placed in Kapak pouches, frozen by immer­
sion in dry ice-acetone and stored at -20°C for later analysis of choles­
terol and triglycerides. This procedure of preserving tissue by freezing 
for later analysis was also employed for the heart and seminal vesicles. 
The heart was removed from each animal, trimmed of atria, and 
weighed. A portion of each heart was taken for histological examination 
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by a co-worker. The remainder was preserved, as mentioned above, for the 
analysis of DMA, RNA and hydroxyproline content. 
Seminal vesicles were removed from each animal and the seminal fluid 
expressed. The vesicles were frozen for later analysis of DNA, RNA and 
hydroxyproline content. 
Determination of cholesterol and triglycerides 
The liver lipids were extracted by employing a modification of the 
method of Story (1972). Random pieces of liver were placed in uncapped 
scintillation vials and lyophilized for 24 hours. The freeze-dried 
tissues were then pulverized and 100 mg samples weighed out. These sam­
ples were homogenized with 3 ml of isopropanol in a glass tissue homoge-
nizer and the homogenate placed in a 4 ounce wide-mouth bottle. The 
homogenizer was rinsed twice with an additional 3 ml of isopropanol and 
the rinse added to the homogenate. The bottles were then capped and 
placed on a shaker for 24 hours. 
At the conclusion of the extraction period, the contents of the 
bottles were poured into 50 ml centrifuge tubes. The bottles were rinsed 
twice with 5 ml of isopropanol, the rinse being added to the contents of 
the centrifuge tubes. These were then centrifuged for 20 minutes. The 
supernatant was decanted into 25 ml volumetric flasks and diluted to 
volume with isopropanol. This extract was then stored under refrigeration 
for later analysis. 
Hepatic and serum cholesterol concentrations were determined by means 
of a Technicon Auto-Analyzer, according to the method described in 
Autoanalyzer Method File N-24a (Technicon, 1965). The Technicon 
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Auto-Analyzer was also employed to analyze the hepatic triglyceride 
concentrations, using the technique described in Autoanalyzer Method 
File N-70 (Technicon, 1970). Serum triglycerides were determined 
manually according to the procedure of Mendez et (1975). 
Preparation of tissue for the determination of DMA, RNA and hydroxyproline 
in heart and seminal vesicles 
The tissues were minced and placed into a 4 ounce wide-mouth bottle 
containing 50 ml of a chloroform-methanol mixture (2:1 by volume) for 
24 hours. The solvent was decanted off and replaced with 50 ml of 
fresh chloroform-methanol for an additional 24 hours. The chloroform-
methanol solvent was removed and 50 ml of ethyl ether added. After 
24 hours the ether was poured off and an additional 50 ml of ether was 
added. 
At the completion of the extraction process, the ether was poured 
off and the samples were dried. The seminal vesicles were weighed in 
order to obtain dry fat-free tissue weight. Because a portion of each 
heart had been removed, at sacrifice, heart dry fat-free tissue weights 
were calculated by multiplying the wet weights of the hearts by .22. This 
was based on the report of Schaub (1964, 1965) that the defatted dry 
tissue weight of the heart remains at a level of 21-22% of the heart 
wet weight, in animals older than 1 month. 
The tissues were then ground to a fine powder using a Wiley mill 
with a size 20 sieve. 
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Determination of the tissue collagen content 
The hydroxyproline content of the heart and seminal vesicles was 
determined using a modification of the methods of Prockop and Udenfriend 
(1960) and Kivirikko et aQ_. (1967), as outlined in Appendix B. The 
hydroxyproline content is multiplied by 7.46 to give the collagen 
content, according to Neuman and Logan (1950). 
Determination of the tissue DNA and RNA content 
The extraction of the tissue DNA and RNA was accomplished according 
to the method of Schneider (1945) as modified by Ferreri (1971). The 
DNA content was determined by the method of Burton (1956) as modified 
by Ferreri (1971) and the RNA content by the method described by Mejbaum 
(1939) and outlined in Schneider (1957). 
Determination of serum thyroxine parameters 
The measurements of serum thyroxine, triiodothyronine resin uptake 
and Free Thyopac Index in both human and rat serum were performed using 
Thyopac*4 and Thyopac*3 kits obtained from Amersham/Searle. 
The principle involved in the Thyopac*4 procedure, as outlined in 
Amersham/Searle Corp. (1972) is competitive binding. It is a modification 
of the method described by Murphy and Pattee (1964). In this procedure 
thyroxine is extracted from the serum sample, with ethanol, and added to a 
test vial. The vial contains labelled thyroxine, which is bound to 
thyroxine binding globulins (TBG) and adsorbent granules, in a buffered 
solution. 
The added thyroxine in the sample or standards competed with the 
labelled thyroxine for binding sites on the TBG, and the higher the level 
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of added thyroxine the more labelled thyroxine will be displaced. The 
adsorbent granules serve as a mechanism to separate the unbound from the 
bound thyroxine, that is, the adsorbent granules bind the free thyroxine. 
A sample of the supernatant can be taken and its radioactivity counted. 
The higher the count rate, the lower the amount of labelled thyroxine 
which has been displaced from the TBG and the lower the serum levels of 
thyroxine. The individual count rates are compared to standard sera to 
give the specific thyroxine values. 
The Thyopac*3 assay, as outlined in Amersham/Searle (1973), is 
a measurement of the saturation of the thyroxine binding proteins 
(TBP) in serum. A serum sample is added to a buffered solution contain­
ing labelled liothyronine and adsorbent granules. The labelled 
liothyronine will bind to any sites on the TBP not already occupied by 
thyroxine. The remainder will be picked up by the adsorbent granules. 
A sample of the supernatant is counted and compared to the count rate 
of standard sera. A high value of the liothyronine uptake indicates 
that fewer of the thyroxine binding sites on the TBP are occupied by 
thyroxine. 
The Free Thyopac Index (FTI), as described in Amersham/Searle 
Corp. (1972), is determined by dividing the Thyopac*4 value by the 
Thyopac*3 value and multiplying by 100 (this value is distinct from 
the Free Thyroxine Index value which depends on different methods to 
obtain thyroxine and T-3 resin uptake values). The FTI gives a more 
comprehensive indication of thyroid function than do either the Thyopac*4 
or Thyopac*3 alone, because it demonstrates the level of free thyroxine 
in the serum. 
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Human study 
The examination of the effect of age and exercise on thyroid 
variables, in humans, was undertaken in two studies. The purpose of the 
first study was to examine the effect of age on thyroxine levels in men 
who became participants in a regular exercise program. This was 
accomplished by dividing a group of men, who up until this time had not 
exercised regularly, into three classes according to age: Class I: 
30-40 years old; Class II: 40-50 years old; and Class III: 50-60 years 
old. The exercise program consisted of calisthenics and jogging. 
There were no set achievement goals in the program and each individual 
was allowed to progress at his own speed. Blood samples were taken 
prior to the initiation of the exercise period and after 10 weeks of 
exercise. 
The second study dealt with the comparison of thyroid indices of 
a group of sedentary males versus a group of males who had been 
exercising regularly over a period of years. The non-exercising group 
was chosen from male patients seen at the Family Practice Clinic, Ames, 
Iowa. These individuals were judged to have a sedentary life style. 
The medical reasons for these men being at the clinic were considered 
unrelated to the parameters being investigated in this study. The 
exercising group was made up of individuals who had been jogging 
regularly for a number of years. On the average each man ran approxi­
mately 14 miles per week. Both groups were divided by age into three 
classes as in the first study, and a blood sample taken from each 
individual. 
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The serum samples in each study were frozen until all the samples 
could be analyzed at one time. This eliminated the possibility of 
variations in technique which might have occurred if the analyses were 
run at different times. 
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RESULTS AND DISCUSSION 
The results and discussion section is separated into two parts. 
The first deals with the study conducted on rats and the second with 
the human investigation. Abbreviations have been employed for the 
variables under consideration in both studies. Table 1 contains the 
abbreviations for the animal study and Tables 19 and 27 are composed of 
those employed in the human study. 
Animal Study 
The variables in this study have been divided into five groups 
for the purpose of discussion: body weight and average daily gain; 
thyroid activity; cardiac hypertrophy; seminal vesicle growth; and lipid 
concentrations. Each of these groups has a number of tables delegated 
toit, and they are included in the text of the discussion. 
Body weight and average weekly gain 
Tables 2 and 3 present the data concerned with the body weights of 
the animals pre- and post-exercise and their average weekly gains. The 
average body weights of the two groups did not differ at the initiation 
of the experimental period. This was to be expected since all the animals 
purchased were of the same age and were randomly assigned to either of 
the two experimental groups. 
As can be seen in Figure 1 there is a marked difference in the rate 
of body weight gain in the two groups. This is reflected in the 
significant differences in FBW and AWG demonstrated in Table 3. 
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Table 1. Variable abbreviations and units for rats 
Variable Abbreviation Uni ts 
Thyroid secretion rate at 
the beginning of experiment TSR yg 1-thyroxine/100 g B.W. 
Serum thyroxine ST vig/100 ml serum 
T-3 resin uptake T-3R Per cent 
Free thyopac index FTI Free thyopac index units 
Initial body weight IBW g 
Final body weight FBW g 
Average weekly gain 
during exercise 
AWG g 
Serum cholesterol SCHOL mg/lOO ml serum 
Serum triglycerides STG mg/100 ml serum 
Hepatic cholesterol HCHOL g/lOO g dry tissue 
Hepatic triglycerides HTG g/100 g dry tissue 
Heart weight HWT mg dry fat free tissue 
Corrected heart weight CHWT mg dry fat free tissue/100 g B.W. 
Total cardiac DNA TCDNA ug 
Total cardiac RNA TCRNA yg 
Total cardiac collagen TCC ug 
Cardiac DNA per unit 
cardiac tissue 
CDNAMG Vig DNA/mg dry fat free tissue 
Cardiac RNA per unit 
cardiac tissue 
CRNAMG vig RNA/mg dry fat free tissue 
Cardiac collagen per unit 
cardiac tissue 
CCMG yg collagen/mg dry fat free tissue 
Cardiac DNA per unit 
body weight 
CDNABW ug DNA/100 g B.W. 
Cardiac RNA per unit 
body weight 
CRNABW ug RNA/100 g B.W. 
Cardiac collagen per unit 
body weight 
CCBW ug collagen/100 g B.W. 
Cardiac RNA per unit 
cardiac DNA 
CRPD ug RNA/ug DNA 
Table 1. (continued) 
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Variable Abbreviation Units 
Seminal vesicle weight SWT 
Corrected seminal CSWT 
vesicle weight 
Total seminal vesicle DNA TSDNA 
Total seminal vesicle RNA TSRNA 
Total seminal vesicle TSC 
collagen 
Seminal vesicle DNA per SDNAMG 
unit seminal vesicle tissue 
Seminal vesicle RNA per 
unit seminal vesicle tissue 
Seminal vesicle collagen 
per unit seminal vesicle 
tissue 
Seminal vesicle DNA per 
unit body weight 
Seminal vesicle RNA per 
unit body weight 
Seminal vesicle collagen SCBw 
per unit body weight 
Seminal vesicle RNA per SRPD 
unit seminal vesicle DNA 
mg dry fat free tissue 




yg DNA/mg dry fat free tissue 
SRNAMG ug RNA/mg dry fat free tissue 
SCMG yg collagen/mg dry fat free 
tissue 
SDNABW ug DNA/100 g B.W. 
SRNABW yg RNA/100 g B.W. 
yg CO Ilagen/luu g o.w. 
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Figure !• Average weekly weights of animals (. = no exericse, 
X = exercise). 
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Table 2. Means and standard errors of body weights pre- and post-
exercise and the average weekly gain 
Variable® Exercise Control 
IBW 319.23(13)b 316.36(14) 
8.00 5.98 
FBW 332.38(13) 400.50(14) 
6.65 9.46 
AWG 3.94(13) 9.82(14) 
1.91 1.88 
^Symbols used in this Table and Tables 3-18 correspond to 
abbreviations described in Table 1. 
'^Numbers in parentheses in this Table and all subsequent Tables 
denote the number of subjects in the group. 
Table 3, Statistical comparisons of body weight and average weekly gain 
using t-test 
Groups Difference 
compared Variable between the means Significance 
Ex. and Cont. IBW 2.87 N.S. 
Ex. and Cont. FBW 68.12 *** 
Ex. and Cont. AWG 5.88 * 
*P<.05. Used here and throughout. 
***P<.001. Used here and throughout. 
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Differences in body weight are one of the most convenient methods 
used to elucidate the effectiveness of the exercise being employed in 
a study. Examination of the values can be done while the experiment is 
still in progress and adjustments in the intensity of the exercise can 
be made if weight differences are not seen. In the present work this 
was especially important since this was the first time running was 
employed as the mode of exercise in this laboratory. The choice of 
running speed was based on a paper by Gollnick and lanuzzo (1968). They 
reported that rats running at a speed of 1 mph experienced a rise in 
colonic temperature from 37.3°C to 40.2°C. They concluded that running 
at this speed was a severe work load for the animals. The results of 
body weight changes in the present work indicate that the intensity of 
running employed was an effective exercise. 
Hanson et al_. (1967) reported that the differences in FBW with 
exercise are due mainly to a decrease in the deposition of body fat 
by the exercised animals. They noted that the weights of the perirenal 
and epididymal fat pads were lower in the exercised animals. Gross 
examination of the animals in the present study, at the time of sacrifice, 
agreed with this observation. 
Mayer et (1954) reported that rats which ran on a treadmill 
at a speed of 1 mph, for up to an hour, had both decreased feed intake 
and decreased body weights as compared to control animals. They postulated 
that the exercise resulted in greater availability of reserve energy 
stores due to alterations in circulation. Thus, it might seem plausible 
to ascribe the changes in body weight with exercise solely to decreased 
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food intake. 
However, Mayer's group only exercised the animals for 14 days. 
It would seem likely that if the exercise period had been extended, then 
eventually the energy reserves of the exercised animals would have 
become depleted to the extent that their food intake would have had to 
increase to at least the level of the sedentary controls. At this point 
it would have been of interest to determine if there were any differences 
between the body weights of the two groups. 
This question of whether or not a decrease in food intake is the 
primary reason for lowered body weight with exercise was clarified 
by Balsam and Leppo (1974). They pair-fed their exercised rats, which 
were run at a speed of 0.75 mph for an hour, with the sedentary control 
animals. They reported that after a 12 week period the exercised animals 
weighed 27% less than did the controls, despite the pair-feeding. 
As can be seen in Figure 1, there is about a 30 g decrease in the 
average body weights of the animals in both groups from week 12 to week 
13. This is the interval between the conclusion of the exercise and the 
sacrifice of the animals. In this time period, an attempt was made to 
determine the thyroid distribution space of the rats. The procedure 
131 initially involves the intravenous administration of a dose of I-
thyroxine to each animal, while the rat is under ether anesthesia. Blood 
samples were obtained from the animal's tail vein at 3, 6, 12, 24 and 48 
hour intervals, again under ether anesthesia. 
Matsuda et al_. (1964) demonstrated that the administration of ether 
is a stress in that it acts directly upon the hypothalamic median 
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eminence to cause the release of corticotropin-releasing factor (CRF). 
CRF, in turn, causes an increase in the release of adrenocorticotrophic 
hormone (ACTH) from the anterior pituitary, which stimulates the adrenal 
glands to secrete glucocorticoids. The frequent administration of ether 
would then result in elevated levels of glucocorticoids. 
Frieden and Lipner (1971) stated that the acute effects of the 
glucocorticoids involve a breakdown of muscle protein to amino acids and 
of adipose tissue triglycerides to fatty acids and glycerol. The amino 
acids and glycerol are used by the liver to synthesize glucose while 
the fatty acids act to inhibit liver glycolytic enzymes. 
Thus, the decrease in body weight of the animals in the final week is 
probably due to an excessive mobilization of the body stores of protein 
and fat in response to increased levels of glucocorticoids. 
Thyroid activity 
The values and statistical comparisons of the thyroid variables exam­
ined in this study are shown in Tables 4 and 5. The thyroid secretion 
rates of each group, which were determined prior to the initiation of the 
exercise, were not significantly different. This finding establishes the 
fact that the thyroid activity of the animals, in both groups, was equal 
at the beginning of the experimental period. Thus, any differences in the 
thyroid parameters noted at the conclusion of the experiment must be due 
to the different conditions imposed upon the groups. 
The serum thyroxine levels of the exercised animals are signifi­
cantly lower than those of the controls. This agrees with the reported 
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Table 4. Means and standard errors of the thyroid variables pre 
and post-exercise 
Variable Exercise Control 
TSR 1.48(13) 1.43(14) 
.11 .10 
ST 1.91(11) 2.58(8) 
.22 .16 
T-3R 60.63(11) 56.87(8) 
2.27 1.40 
FTI 3.15(11) 4.55(8) 
.34 .28 
Table 5. Statistical comparison of thyroid variables pre- and post-
cXGrClSc using t-test 
Groups Difference 
compared Variable between the means Si gnificance 
Ex. and Cont. TSR .05 N.S. 
Ex. and Cont. ST .67 • 
Ex. and Cont. T-3R 3.76 N.S. 
Ex. and Cont. FTI 1.40 ** 
**P<.01. Used here and throughout. 
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findings of decreased protein bound iodine (Bondy and Hagewood, 1952; 
Irvine, 1967; DeNayer et al., (1968) and thyroxine (Winder and Heninger, 
1971; Balsam and Leppo, 1975) in the blood of exercised subjects. Winder 
and Heninger (1971) and Balsam and Leppo (1974) demonstrated that the 
decrease in serum thyroxine with exercise is accompanied by an increase 
in uptake and degradation of thyroxine by the liver. They postulated 
that an increase in the metabolic clearance of thyroxine by the liver 
may be the reason for the decrease in serum thyroxine levels with exercise. 
Although no significant differences in the T-3 resin uptake were 
noted between the two groups, the Free Thyopac Indexes of the exercised 
animals were lower than those of the controls. This finding does not 
agree with that of Winder and Heninger (1973). They reported that 6 
weeks of running resulted in an increase in the free thyroxine levels of 
exercised animals as opposed to sedentary ones. However, these 
investigators determined the free thyroxine levels of the exercised 
animals immediately after the animals had been run for 2.5 hours. It 
may be that the elevation in the free thyroxine is due to the final 
exercise period of 2.5 hours rather than the 6 week program of running 
daily for 1 hour. This possibility is supported by the findings of 
Hollander et (1967) and Gollnick et (1970). The former re­
ported that elevations in free fatty acid concentrations will cause an 
increase in the free thyroxine levels both in vivo and in vitro. The 
latter demonstrated that although there are no differences in the plasma 
free fatty acid concentrations of trained and sedentary animals at 
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rest. Plasma taken from a trained animal immediately after exercise does 
show an elevated free fatty acid concentration. Thus, the final exercise 
bout may cause increased free fatty acids which, in turn, cause an in­
crease in the free thyroxine concentrations. 
The animals in the present study were not exercised on the day of 
sacrifice. Thus their FTI values may be a truer representation of the 
concentration of free thyroxine in the body. An animal that has exercised 
for 12 weeks would be expected to be more metabolically active and thus 
be using free thyroxine at a faster rate than a sedentary one. This would 
then cause the exercised animal to have a lower free thyroxine concentra­
tion than would a sedentary one. 
The thyroid secretion rate of an animal is under the control of the 
pituitary gland via thyroid stimulating hormone. This hormone's secretion 
is responsive to variations in the levels of circulating free thyroxine. 
Thus, if exercise results in decreased free thyroxine then the level of 
thyroid stimulating hormone released from the pituitary should increase 
and, in turn, cause an increase in the thyroid secretion rate. Story 
(1972) found this increase in thyroid secretion rate in exercised young 
animals, thus indirectly supporting the results of this study. 
The interpretation of the findings of a lower FTI, in exercised 
animals, to mean that these animals were catabolizing thyroxine at a 
faster rate, resulting in a physiological hyperthyroid state, is 
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supported by the correlation coefficient between FTI and FBW (.513). 
This value is significant (P<.024) and indicates that animals which 
weighed less at sacrifice had lower FTI's. Since Witte (1974) demon­
strated that physiological hyperthyroidism results in a significant 23% 
decrease in the body weights of young animals, the conclusion may be 
drawn that a lower FTI does denote an increase in thyroid activity. 
Cardiac hypertrophy 
Examination of the effect of exercise on the heart demonstrated no 
significant differences in HWT, CDNAMG, CRNAMG and in CRPD (Table 7), 
although all of these parameters were elevated in the control animals 
(Table 6). The finding of a lower absolute heart weight with exercise 
agrees with the earlier work of Balsam and Leppo (1974). 
The TCDNA and TCRNA were significantly higher in the control animals. 
A possible explanation for these differences is indicated by the 
correlation coefficient between HWT and TCDNA (.556) and that between 
HWT and TCRNA (.393). These R values are significant, P<.003 and P<.041 
respectively, and denote that increases in heart size are accompanied 
by increases in total nucleic acid content. 
No significant differences were noted in the TCC and the CCMG 
between the two groups, though both of these values were higher in the 
control group (Tables 8 and 9). The correlation coefficient of .671 
between TCC and TCDNA and that of .476 between TCC and TCRNA (P<.0003 
and P<.012 respectively) may indicate that the increases in cardiac 
nucleic acids seen in the larger hearts of the control animals were 
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Table 6. Means and standard errors of HWT, CHWT, TCDNA, TCRNA, CDNAMG, 
CRNAMG, CDNABW, CRNABW, CRPD 
Variable Exercise Control 
HWT 216.21(13) 224.78(14) 
4.35 4.54 
CHWT 65.20(13) 56.35(14) 
1.21 1.24 
TCDNA 1617.58(13) 1727.59(14) 
43.33 30.64 
TCRNA 3861.59(13) 4289.31(14) 
102.29 160.54 
CDNAMG 7.49(13) 7.70(14) 
.12 .08 
CRNAMG 17.90(13) 19.10(14) 
.44 .62 
CDNABW 488.94(13) 433.64(14) 
16.06 10.68 
CRNABW 1166.27(13) 1071.52(14) 
36.26 31.56 
CRPD 2.40(13) 2.49(14) 
.07 .09 
Table 7. Statistical comparison of HWT, CHWT, TCDNA, TCRNA , CDNAMG, 
CRNAMG, CDNABW, CRNABW, CRPD us ir.g t--test 
Groups Difference 
compared Variable between i the means Significance 
Ex. and Cont. HWT 8 .57 N.S. 
Ex. and Cont. CHWT 8 .85 *** 
Ex. and Cont. TCDNA no .01 * 
Ex. and Cont. TCRNA 427 .72 * 
Ex. and Cont. CDNAMG .21 N.S. 
Ex. and Cont. CRNAMG 1 .20 N.S. 
Ex. and Cont. CDNABW 55 .30 ** 
Ex. and Cont. CRNABW 94 .75 N.S. 
Ex. and Cont. CRPD .09 N.S. 
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Table 8. Means and standard errors of TCC, CCMG, and CCBW 
Variable Exercise Control 
TCC 10,636.11(13) 11,429.45(14) 
327.96 344.71 
CCMG 49.23(13) 50.86(14) 
1.27 1.29 
CCBW 3,211.29(13) 2,871.26(14) 
108.49 111.15 
Table 9. Statistical comparison of TCC; CCMG. and CCBW using t-test 
Groups Difference 
compared Variable between the means Significance 
Ex. and Cont. TCC 793.34 N.S. 
Ex. and Cent. CCMG 1.63 N.S. 
Ex. and Cont. CCBW 340.03 * 
48 
related to increases in cardiac collagen content, due to increases in the 
vascular system of these hearts. 
Since the majority of the reports concerning the effects of exercise 
employ relative weights, the HWT, TCDNA, TCRNA and TCC were corrected 
for 100 g of body weight. Use of this correction factor demonstrated 
that the exercised animals had significantly larger CHWT, CDNABW, and CCBW 
(Tables 7 and 9). 
The possibility exists that the differences in the relative heart 
weights and the cardiac DNA and collagen content per 100 g of body 
weight, observed between the groups, were due to the variations in group 
body weights, rather than to actual changes in the hearts themselves. 
The assumption which underlies use of relative weights is that the weight 
of a part of the body is proportional to the weight of the entire body. 
Heroux and Gridgeman (1958) demonstrated that this is unlikely except 
in the case of muscle mass. 
Because of this lack of proportionality between organ weights and 
body weights, an attempt was made to find a way of comparing the heart 
weight, the total cardiac DNA and RNA, and the total cardiac collagen of 
the two groups, divorced from the effect of body weight. The first 
method of comparison which was considered was that of Witte (1974). 
In this procedure, a regression of the dry heart weight of the control 
animals was run against their body weights. The resulting regression 
equation was then used to calculate the predicted dry heart weight of 
each animal in the study. This figure represented the predicted value of 
their dry heart weight, if they were control animals of a given body 
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weight. The predicted dry heart weight was then subtracted from the 
actual dry heart weight to give the regression dry heart weight 
(RDHWT). The RDHWT values of the experimental group were then tested 
against those of the control group to determine any changes, 
irrespective of body weight. 
However, there was a problem with this procedure: the sum of the 
actual organ values, minus their predicted values, for the control 
group, from which the regression equation was calculated, should equal 
zero. Thus, the use of these values in a test of significance, such as 
the t-test, is invalid. 
To overcome this difficulty another approach to the problem was 
tried and proved successful. The values of the dry heart weight and the 
total cardiac DNA, RNA and collagen content of the animals in both groups 
were combined and a regression carried out against their combined body 
weights. The resulting regression equation was then used to correct the 
means of these parameters on the basis of a constant body weight. The 
corrected means were then tested to determine if there were any 
significant differences between the groups (this procedure was also 
applied to the data from the seminal vesicles). 
The results of the correction procedure; as applied to the heart, 
are seen in Table 10. When the means of the four cardiac parameters 
are corrected by a common body weight, no significant differences between 
the two groups are observed. 
This lack of an effect of exercise on the heart can lead to two 
possible conclusions. The first is that the gradual increase in the 
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Table 10. Adjusted means and statistical comparison of these means 
for HWT, TCDNA, TCRNA, and TCC 
Variable Control Exercise F-value P>F 
HWT 214.58 227.19 2.4639 0.1261 
TCDNA 1686.81 1661.50 0.1032 0.7490 
TCRNA 4020.56 4151.01 0.2461 0.6296 
TCC 11,150.78 10,936.25 0.0863 0.7684 
duration of exercise employed in this study was not a sufficient stimuli 
to cause changes in the heart, even though changes in body weight were 
evident. Perhaps the heart is able to adapt itself, without changes in 
size, if the exercise is gradually applied over a period of time. 
The second conclusion is that the use of relative heart values to 
report cardiac hypertrophy with exercise may r.ct be truly indicative of 
changes in the heart. Most of the work on cardiac hypertrophy has been 
done using artificially induced aortic stenosis, and with this procedure 
there are changes in the absolute heart weight. The changes brought 
about by exercise are less marked than those caused by banding, and care 
must be taken in applying inferences from one method to another. 
Under the experimental conditions of this study, a relationship 
between the thyroid hormones and heart weight was not seen. The R value 
between HWT and ST (.228) and that between HWT and FTI (.170) were not 
significant. There does appear to be a relation between ST and FTI on 
one hand and TCRNA, CRNAMG and CRPD on the other. The correlation 
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coefficients between ST and TCRNA (.636), CRNAMG (.628) and CRPD (.714) 
are significant, as are those between FTI and TCRNA (.609), CRNAMG (.632) 
and CRPD (.694). 
Seminal vesicle growth 
The effects of exercise on the seminal vesicles were mixed (Tables 
11-14). While no variations in collagen content were seen between the 
groups, significant differences were noted in SWT, TSRNA, SRPD, and 
SDNAMG, with the control group having higher values for the former three 
variables and the exercise group exhibiting elevated levels for the 
latter one. 
Based on the reports of earlier investigators, a possible explanation 
of these differences can be postulated. Exercise has been shown to result 
in a decrease in the weight of the testes in dogs (Steinhaus et , 1932) 
and in rats (Tipton ^ al., 1968). The decrease in the size of the testes 
may result in a decreased secretion of testosterone. 
Pierrepoint et al- (1974) reported that unilateral castration or 
unilateral vasectomy in rats 10-19 weeks of age (which, according to 
Desjardins et , 1968, are postpubertal) caused a significant reduction 
in the RNA concentration of the ipsolateral seminal vesicle, while no 
change was seen in its DNA concentration. This indicates that after 
puberty the main effect of testosterone on the seminal vesicle may be 
to control its RNA concentration and thereby its protein synthesis. 
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Table 11. Means and standard errors of SWT, CWST, TSDNA, TSRNA, SDNAMG, 
SRNAMG, SDNABW, SRNABW, SRPD 
Variable Exercise Control 
SWT 158.35(13) 194.12(14) 
5.96 10.75 
CWST 47.75(13) 48.83(14) 
1.81 2.77 
TSDNA 1880.00(13) 1924.24(14) 
49.69 86.13 
TSRNA 3852.70(13) 4513.90(14) 
165.54 236.50 
SDNAMG 12.03(13) 10.17(14) 
.44 .49 
SRNAMG 24.33(13) 23.80(14) 
.51 1.26 
SDNABW 569.10(13) 483.42(14) 
21.71 24.34 
SRNABW 1162.73(13) 1123.63(14) 
52.69 45.42 
SRPD 2.06(13) 2.36(14) 
.01 .09 
Table 12. Statistical comparison of SWT, CSWT, TSDNA, TSRNA, SDNAMG, 
SRNAMG, SDNABW, SRNABW, SRPD using t-test 
Groups Di fference 
compared Variable between the means Significance 
Ex. and Cont. SWT 35.77 ** 
Ex. and Cont. CSWT 1.08 N.S. 
Ex. and Cont. TSDNA 44.24 N.S. 
Ex. and Cont. TSRNA 661.20 * 
Ex. and Cont. SDNAMG 1.86 ** 
Ex. and Cont. SRNAMG .53 N.S. 
Ex. and Cont. SDNABW 85.68 * 
Ex. and Cont. SRNABW 39.10 N.S. 
Ex. and Cont. SRPD .30 * 
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Table 13. Means and standard errors of TSC, SCMG, and SCBW 
Variable Exercise Control 
TSC 19,950.34(13) 21,353.72(14) 
862.45 1,075.75 
SCMG 127.37(13) 112.26(14) 
6.03 5.06 
SCBW 6,053.41(13) 5,359.74(14) 
310.99 286.71 
Table 14. Statistical comparison of TSC, SCMG, and SCBW using t-test 
Groups Difference 
compared Variable between the means Significance 
Ex. and Cont. TSC 1,043.38 N.S. 
Ex. and Cont. SCMG 15.11 N.S. 
Ex. and Cont. SCBW 693.67 N.S. 
If exercise did decrease testosterone secretion, eventually result­
ing in lower levels of protein synthesis, then atrophy of the seminal 
vesicles would occur. Thus, the higher DNAMG values of the exercised 
animals would not be due to an increase in cell number but rather to a 
decrease in cell size. The findings of higher TSRNA values for the 
control animals appears to be in agreement with this explanation. 
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The results of the regression procedure to correct the means for 
seminal vesicle weight, total seminal vesicle DNA, RNA, and collagen 
content are shown in Table 15. No significant differences were evident. 
These findings agree with those on the heart in that the level of exercise 
employed in this study was successful in causing significant differences 
in the absolute values of certain parameters. However, when the means 
of these parameters were corrected the differences were no longer seen. 
Table 15. Adjusted means and statistical comparison of these means for 
SVWT, SVDNA, SVRNA, TSC 
Variable Control Exerci se F-value P>F 
SVWT 185.19 167.96 0.8227 0.6233 
TSDNA 1,910.82 1 ,894.45 0.0107 0.9152 
TSRNA 4,114.35 4,282.99 0.1779 0.6798 
TSC 21.434.04 19.863.89 0.5202 0.5157 
The changes in the thyroid hormones, with exercise, were not seen 
to be related to the size of the seminal vesicles. The correlation co­
efficients between the parameters for thyroxine and those for the seminal 
vesicles were all insignificant. Evidently the increase in thyroxine 
metabolism was not of sufficient intensity to stimulate release of the 
gonadotrophic hormones from the pituitary, and via these hormones, in­
creases in testosterone secretion. 
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Lipid concentrations 
No significant differences were seen between the groups in the lipid 
concentrations in the blood or in the liver (Table 17). These findings 
agree with a number of reports in the literature. Lewis ^ al_. (1961) 
reported that rats which were subjected to low intensity, long duration, 
running demonstrated no changes in cholesterol and total lipids in both 
serum and liver. Krai e^ a1_. (1974) exercised rats by exhaustive swimming 
and found no significant differences in their serum cholesterol and 
triglyceride concentrations, as compared to those of control animals. 
The majority of the investigations concerning exercise have shown 
that it results in a decrease in at least some of the lipid parameters 
in the body. However, a consensus does not exist concerning which 
specific lipids are lowered by exercise. Some of the diversity in results 
must be due to the differences in the exercise employed. 
Both Montoye^al_. (1962) and Gollnick (1963) employed unweighted 
swimming. The former used a 2 hour per day, 12 week exercise procedure 
and found lower serum cholesterol concentrations in the exercised animals. 
The letter's procedure consisted of 30 minutes of swimming per day for 
22 weeks. He reported no differences in serum cholesterol concentration. 
Even the application of the same exercise protocol in the same 
laboratory has been seen to result in divergent findings. Both Story 
(1972) and Naito (1971) used exhaustive swimming, induced by the addition 
of a weight equivalent to 4% of body weight to the animals, in our labora­
tory. Story found a decrease in serum cholesterol and liver triglycer­
ides, while Naito reported a decrease in only serum triglycerides. 
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Table 16. Means and standard errors of serum and liver lipid 
concentrations 






















between the means Significance 
Ex. and Cont. SCHOL 10.62 N.S. 
Ex. and Cont. STG 11.81 N.S. 
Ex. and Cont. HCHOL .038 N.S. 
Ex. and Cont. HTG .09 N.S. 
This same difference in results applies to running exercise. Watt 
et ^. (1972) found that running at a speed of about 0.5 mph, 90 min-
utes per day, for 8 weeks resulted in decreased serum cholesterol and 
triglyceride concentrations. On the other hand, Barnard ^ (1968) 
Table 18. Correlation coefficients for all variables in animal study 
TSR ST T-3R FTI IBW FBW AWG SCHOL STG 
TSR 1.000? -.118 .414 -.269 .270 .030 .239 .265 .112 
.000° 
.634 .075 .265 .170 .876 .260 .187 .599 
ST -.188 1.000 .120 .952 -.004 .415 .034 .254 .304 
.634 .000 .629 .0001 .986 .075 .888 .293 .203 
T-3R .414 .120 1.000 -.171 .211 -.260 -.021 .110 .249 
.075 .629 .000 .510 .611 .282 .932 .659 .305 
FTI -.269 .952 -.171 1.000 -.060 .513 .005 .210 .185 
.265 .0001 .510 .000 .803 .024 .983 .609 .547 
IBW .270 -.004 .211 -.060 1.000 .449 .123 .225 .165 
.170 .986 .611 .803 .000 .018 .575 .269 .565 
FBW .030 .415 -.260 .513 .449 1.000 .298 .340 -.145 
.876 .075 .282 .024 .018 .000 .154 .086 .505 
AWG .239 -.034 -.021 .005 .123 .298 1.000 -.039 -.044 
.260 .888 .932 .983 .575 .154 .000 .853 .839 
SCHOL .265 .254 .110 .210 .225 .340 -.039 1.000 -.050 
.187 .293 .659 .609 .269 .086 .853 .000 .809 
STG .112 .304 .249 .185 .165 -.145 -.044 -.050 1.000 
.599 .203 .305 .547 .565 .505 .839 .809 .000 
HCHOL -.071 .318 -.293 .376 -. 084 .077 .247 -.050 .291 
.724 .182 .222 .109 .680 .704 .243 .804 .155 
HTG .050 -.360 -.106 -.330 .104 -.074 .077 .099 .151 
.801 .127 .670 .165 .612 .713 .721 .635 .522 
HWT -.193 .228 .133 .170 -.001 .145 -.194 -.152 -.167 
.663 .649 .593 .506 .992 .523 .632 .535 .571 
CHWT .071 -.258 .377 -.409 -.184 -.793 -.311 -.147 .212 
.724 .286 .108 .079 .640 .0001 .135 .520 .310 
^Correlation coefficient. 
'^Probability of a greater R under HO: RH0=0. 
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.062 .080 .232 1.000 .021 -.322 -.015 -.405 .862 .521 
.755 .693 .242 .000 .912 .099 .937 .034 .0001 .005 
Table 18. (continued) 



































































































































































































































































































































































































































Table 18. (continued) 












































































































































































































































HCHOL HTG HWT CHWT TCDNA TCRNA CDNAMG CRNAMG CDNABW CRNABW 
.152 .060 .556 .021 1.000 .447 .519 .017 .275 .031 
.544 .763 .003 .912 .000 .018 .006 .929 .162 .873 
-.013 -.271 .393 -.322 .447 1.000 -.004 .819 -.277 .463 
.946 .169 .041 .099 .018 .000 .981 .0001 .158 .014 
-.036 .071 .170 -.015 .519 -.004 1.000 .106 .491 .098 
.852 .727 .599 .937 .006 .981 .000 .604 .009 .632 
-.147 -.328 .123 -.405 .017 .819 .106 1.000 -.289 .565 
.530 .091 .546 .034 .929 .0001 .604 .000 .141 .003 
.031 .092 .290 .862 .275 -.277 .491 -.289 1.000 .512 
.872 .654 .139 .0001 .162 .158 .009 .141 .000 .006 
-.074 -.242 .340 .521 .031 .463 .098 .565 .512 1.000 
.714 .223 .079 .005 .873 .014 .632 .003 .006 .000 
-.125 -.343 .017 -.370 -.246 .755 -.391 .872 -.509 .472 
.540 .077 .929 .055 .214 .0001 .041 .0001 .007 .012 
.336 -.086 .297 .018 .671 .476 .200 .131 .115 .142 
.084 .672 .129 .924 .0003 .012 .318 .522 .574 .513 
.267 -.103 -.043 -.002 . 238 .155 . 375 . 187 1 nn • 1 .189 
.175 .615 .827 .989 .230 .586 .051 .649 .656 .653 
.226 -.030 .130 .735 .171 -.126 .249 -.164 .768 .520 
.255 .878 .523 .0001 .602 .537 .207 .581 .0001 .006 
.033 .148 .201 -.416 .301 .074 .059 -.125 -.343 -.471 
.866 .533 .316 .029 .124 .715 .768 .540 .076 .013 
.006 .262 .167 .045 .040 -.302 .125 -.333 .090 -.242 
.974 .184 .592 .819 .836 .123 .542 .087 .660 .223 
-.013 .174 .301 -.107 .214 .129 .304 .125 .568 .062 
.947 .610 .124 .602 .284 .528 .119 .540 .775 .757 
Table 18. (continued) 
CRPD TCC CCM6 CCBW SWT CSWT TSDNA TSRNA 
TCDNA -.246 .671 .238 .171 .301 .040 .214 .275 
.214 .0003 .230 .602 .124 .836 .284 .161 
TCRNA .755 .476 .165 -.126 .074 -.302 .129 .485 
.0001 .012 .586 .537 .715 .123 .528 .010 
CDNAMG -.391 .200 .375 .249 .059 .125 .304 -.040 
.041 .318 .051 .207 .768 .542 .119 .836 
CRNAMG .872 .131 .187 -.164 -.125 -.333 .125 .316 
.0001 .522 .649 .581 .540 .087 .540 .104 
CDNABW -.509 .115 .190 .768 -.343 .090 .057 -.438 
.007 .574 .656 .0001 .076 .660 .775 .021 
CRNABW .472 .142 .189 .520 -.471 -.242 .062 -.126 
.012 .513 .653 .006 .013 .223 .757 .538 
CRPD 1.000 .023 -.002 -.270 -.138 -.361 -.021 .315 
.000 .904 .989 .170 .502 .062 .913 .106 
TCC .023 1.000 .775 .531 .145 -.081 .207 .010 
.904 .000 .0001 .005 .522 .689 .301 .960 
CCMG -.002 .775 1.000 .674 -.046 -.047 .270 -.273 
.989 .0001 .000 .0003 .814 .812 .171 .165 
CCBW -.270 .531 .674 1.000 ' -.354 -.017 .093 -.547 
.170 .005 .003 .000 .067 .932 .647 .003 
SWT -.138 .145 -.046 -.354 1.000 .811 .469 .658 
.502 .522 .814 .067 .000 ,0001 .013 .0004 
CSWT -.361 -.081 -.047 -.017 .811 1.000 .523 .381 
.062 .689 .812 .932 .0001 .000 .005 .047 
TSDNA -.021 .207 .270 .093 .469 .523 1.000 .499 
.913 .301 .171 .647 .013 .005 .000 .008 
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SDNAMG SRNAMG SDNABW SRNABW SRPD TSC SCMG SCBW 
-.187 -.096 -.149 -.059 .096 .121 -.204 -.170 
.647 .640 .537 .769 .640 .554 .309 .598 
-.044 .428 -.297 .097 .404 -.019 -.085 -.363 
.082 .024 .129 .635 .035 .920 .678 .060 
.189 -.093 .314 -.012 -.283 .223 .158 .229 
.653 .650 .107 .952 .150 .262 .562 .249 
.189 .520 -.086 .131 .246 -.026 .127 -.200 
.653 .006 .674 .520 .214 .892 .536 .319 
.452 -.133 .573 .027 -.542 -.048 .377 .436 
.017 .516 .002 .890 .004 .807 .050 .022 
.544 .376 .387 .177 -.204 -.140 .435 .191 
.004 .051 .044 .619 .308 .509 .022 .657 
.084 .520 -.223 .130 .358 -.124 .040 -.288 
.681 .006 .263 .525 .063 .544 .836 .142 
-.018 -.238 -.093 -.339 -.173 .091 -.040 -.141 
.927 .231 .649 .080 .608 .655 .836 .509 
.264 -.295 .228 -. 388 -.502 .145 .224 .125 
.181 .132 .252 .043 .008 .525 .260 .538 
.487 -.270 .500 -.244 -.684 -.035 .415 .360 
.010 .171 .008 .219 .0002 .858 .030 .063 
-.797 -.473 -.008 .402 .408 .558 -.617 .152 
.0001 .012 .966 .035 .033 .003 .001 .545 
-.543 -.571 .455 .549 .085 .565 -.394 .537 
.004 .002 .016 .003 .673 .002 .040 .004 
.143 -.025 .698 .520 -.220 .475 -.102 .363 
.515 .896 .0002 .006 .269 .012 .619 .060 
Table 18. (continued) 
TSR ST T-3R FTI IBW FBW AWG SCHOL STG 
TSRNA -.046 .213 -.015 .237 .275 .602 .154 .059 -.309 









































































SRPD -.215 .263 -.120 .325 .124 .573 -.147 .211 -.227 
.281 .277 .628 .172 .543 .002 .502 .301 .275 
TSC .250 .288 .297 .202 .149 .137 .351 .025 -.140 
.206 .231 .215 .589 .535 .504 .089 .901 .511 
SCMG .046 .216 .276 .112 -.156 -.469 -.147 -.047 .094 
.813 .622 .252 .653 .557 .013 .500 .813 .660 
SCBW .176 .013 .444 -.128 -.165 -.517 .066 -.208 -.020 
.617 .956 .054 .606 .585 .006 .749 .310 .921 
66 
HCHOL HTG HWT CHWT TCDNA TCRNA CDNAMG CRNAMG CDNABW CRNABW 
-.276 -.018 .269 -.469 .275 .485 -.040 .316 -.438 -.126 
.160 .927 .171 .013 .161 .010 .836 .104 .021 .538 
-.063 -.102 -.036 .398 -.187 -.044 .189 .189 .452 .544 













































































































































Table 18. (continued) 
CRPD TCC CCMG CCBW SWT CSWT TSDNA TSRNA 
TSRNA .315 .010 -.273 -.547 .658 .381 .499 1.000 
.105 .960 .165 .003 .0004 .047 .008 .000 
SDNAMG .084 -.018 .264 .487 -.797 -.543 .143 -.443 
.681 .927 .181 .010 .0001 .004 .515 .020 
SRNAMG .520 -.238 -.295 -.270 -.473 -.571 -.025 .338 
.006 .231 .132 .171 .012 .002 .896 .082 
SDNABW -.223 -.093 .228 .500 -.008 .455 .698 -.057 
.263 .649 .252 .008 .966 .016 .0002 .775 
SRNABW .130 -.339 -.388 -.244 .402 .549 .520 .749 
.525 .080 .043 .219 .035 .003 .006 .0001 
SRPD .358 -.173 -.502 -.684 .480 .086 -.220 .725 
.063 .608 .008 .0002 .033 .673 .269 .0001 
TSC -.124 .091 .146 -.035 .558 .565 .475 .419 
.544 .655 .525 .858 .003 .002 .012 .028 
SCMG .040 -.040 .224 .415 -.617 -.394 -.102 -.375 
.836 .836 .260 .030 .001 .040 .619 .051 
SCBW -.288 -.141 .125 .360 .152 .537 .363 -.006 
.142 .509 .538 .063 .545 .004 .060 .975 
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SDNAMG SRNAMG SDNABW SRNABW SRPD TSC SCMG SCBW 
-.433 .338 -.057 .749 .725 .419 -.375 -.006 
.020 .082 .775 .0001 .0001 .028 .051 .975 
1.000 .464 .492 -.142 -.651 -.276 .651 .109 
.000 .014 .009 .513 .0004 .161 .0004 .594 
.464 1.000 -.083 .356 .354 -.179 .348 -.187 
.014 .000 .683 .065 .067 .625 .072 .646 
.492 -.083 1.000 .439 -.582 .269 .259 .652 
.009 .683 .000 .021 .002 .172 .190 .0004 
-.142 .356 .439 1.000 .459 .419 -.089 .427 
.513 .065 .021 .000 .015 .028 .664 .025 
-.651 .354 -.582 .459 1.000 .125 -.362 -.248 
.0004 .067 .002 .015 .000 .542 .061 .210 
-.276 -.179 .269 .419 .125 1.000 .297 .772 
.161 .625 .172 .028 .542 .000 .129 .0001 
.651 .348 .259 -.089 -.362 .297 1.000 .557 
.0004 .072 .190 .664 .061 .129 .000 .003 
.109 -.187 .652 .427 -.248 .772 .557 1.000 
.594 .646 .0004 .025 .210 .0001 .003 .000 
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reported that 10 weeks of daily running at a speed of 1 mph, for 1 hour, 
resulted in no changes in serum cholesterol concentration. 
It thus appears that alterations in the intensity or duration of 
exercise can make the difference between whether or not significant 
changes are seen in lipid concentrations. In this study, the gradual 
increase in the duration of exercise over a 10 week period may not have 
been enough of a stimuli to cause the adaptations in lipid concentrations 
seen by other workers. 
The correlation coefficients between the thyroxine and lipid 
parameters in this study were not significant. This may indicate that 
although exercise did alter thyroid function, the change was not of 
sufficient magnitude to bring about changes in the lipid levels. 
Human Study 
Joggers versus sedentary men 
Age had no significant effect on the body weights of either the 
exercising or the sedentary individuals (Table 21). This lack of change 
with increasing age could be due to several different reasons. 
Sheldon ^ (1954) reported that in a study of over 200,000 
men, body weight increased by only about 6% in the age span of 33-63 
years old. In the small population examined here such a change may be 
unobservable. In the case of the joggers, these men have been exercising 
for a matter of years. Their body weights should reflect this long-term 
conditioning and should not vary with age as long as the exercise is 
continued. Lastly, the lack of an observed change with age in the 
sedentary individuals may be due to non-random sampling. The choosing of 
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Table 19. Abbreviations for body weights and thyroid variables of 
joggers and sedentary men 
Variable Abbreviation Units 
Body weight of joggers JBW pounds 
Body weight of sedentary men SBW pounds 
Serum thyroxine of joggers JT4 ug/100 ml serum 
Serum thyroxine of sedentary men ST4 ug/100 ml serum 
T-3 resin uptake of joggers JT-3R per cent 
T-3 resin uptake of sedentary ST-3R per cent 
men 
Free thyopac index of joggers JFTI free thyopac index units 
Free thyopac index of sedentary SFTI free thyopac index units 
men 
Table 20. Means and standard errors of the body weights of joggers and 
sedentary men at the three age levels 
Variable® 30 year olds 40 year olds 50 year olds 
JBW 175.67(12) 167.18(11) 172.63(8) 
5.28 5.83 9.17 
SBW 171.60(10) 176.80(10) 171.86(7) 
7.33 8.19 5.79 
^Symbols used in this Table and Tables 21-26 correspond to 
abbreviations described in Table 19. 
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Table 21. Statistical comparison of the effect of age on the body weight 
of joggers and sedentary individuals using t-test 
Groups Difference 
compared Variable between the means Significance 
30 vs 40 JBW 8.49 N.S. 
30 vs 50 JBW 3.04 N.S. 
40 vs 50 JBW 5.45 N.S. 
30 vs 40 SBW 5.20 N.S. 
30 vs 50 SBW .26 N.S. 
40 vs 50 SBW 4.94 N.S. 
Table 22. Statistical comparison of the effect of jogging on body 
weight at the three age levels using t-test 
Variables Difference 
compared Age between the means Significance 
JBW vs SBW 
JBW vs SBW 











Table 23. Means and standard errors of thyroid variables of joggers 
and sedentary men at the three age levels 
Variable 30 years old 40 years old 50 years old 
JT4 8.87(12) 7.43(11) 6.92(8) 
.62 .63 .35 
JT-3R 106.87(12) 104.75(11) 106.45(8) 
1.00 1.50 2.83 
OFTI 8.30(12) 7.23(10) 6.57(8) 
.58 .69 .44 
ST4 6.68(9) 5.51(10) 5.50(7) 
.59 .47 .73 
ST-3R 102.09(10) 104.98(10) 105.34(8) 
2.78 1.89 3.42 
SFTI 6.57(9) 5.23(10) 5.27(7) 
.53 .39 .73 
Table 24. Statistical comparison of the effect of age on thyroid 
variables of sedentary men using t-test 
Groups Di fference 
compared Variable between the means Significance 
30 vs 40 ST4 1.17 N.S. 
30 vs 50 ST4 1.18 N.S. 
40 vs 50 ST4 .01 N.S. 
30 vs 40 ST-3R 2.89 N.S. 
30 vs 50 ST-3R 3.25 N.S. 
40 vs 50 ST-3R .36 N.S. 
30 vs 40 SFTI 1.34 N.S. 
30 vs 50 SFTI 1.30 N.S. 
40 vs 50 SFTI .04 N.S. 
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random men at the Family Practice Clinic might have been unconsciously 
prejudged by a desire to obtain a control group that would match the 
joggers. This would have eliminated anyone who was overweight. 
Age is not seen to have an effect on the thyroid indices of the 
sedentary men (Table 24). This was to be expected since earlier studies, 
such as the one by Hansen et (1975), showed no change with increasing 
age in circulating thyroxine levels. With the joggers the thyroxine 
levels and the FTI values are higher in the 30 year old group than in the 
50 year old group (Table 25). 
This finding initially appears to be in opposition to the generally 
accepted concept that exercise causes an increased catabolism of thyroxine 
and thus lower circulating levels of the hormone. However, this study 
dealt with subjects who have exercised over a period of years rather than 
for weeks or even months. It is possible that the younger men were able 
to exercise at higher levels of intensity than did the older men and thus 
put more of a metabolic strain on their bodies. This would increase the 
demand for thyroxine and result in higher circulating levels of this 
hormone. 
Another theory to explain these findings could be based on the 
reports that the thyroid secretion rate decreases with advancing age while 
the circulating levels of thyroxine remain constant. If this were true 
with the older joggers they would then require lower levels of circulating 
thyroxine than would the younger men to keep pace with the metabolic 
demands of exercise. 
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Table 25. Statistical comparison of the effect of age on thyroid 
variables of joggers using t-test 
Groups Difference 
compared Variable between the means Significance 
30 vs 40 JT4 1.44 N.S. 
30 vs 50 JT4 1.95 * 
40 vs 50 0T4 .51 N.S. 
30 vs 40 JT-3R 2.12 N.S. 
30 vs 50 JT-3R .42 N.S. 
40 vs 50 JT-3R 1.70 N.S. 
30 vs 40 JFTI 1.07 N.S. 
30 vs 50 JFTI 1.73 * 
40 vs 50 JFTI .66 N.S. 
Table 26. Statistical comparison of the effect of jogging on the 
thyroid variables at the three age levels using t-test 
Variable Oi fference 
compared Aye U C  U M C C I  I  V I I C  l l i c a i i o  ^  1  y  1 1  1  •  1  1  
JT4 vs ST4 30 2.19 * 
JT-3R vs ST-3R 30 4.78 N.S. 
JFTI vs SFTI 30 1.73 * 
JT4 vs ST4 40 1.92 * 
JT-3R vs ST-3R 40 .23 N.S. 
Jril vs SFTI 40 2.00 * 
JT4 vs ST4 50 1.42 N.S. 
JT-3R vs ST-3R 50 1.11 N.S. 
JFTI vs SFTI 50 1.30 N.S. 
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The comparison of the thyroid variables of the joggers and sedentary 
men at each age level is shown in Table 26. In both the 30 and 40 year 
old groups the thyroxine and FTI values are higher in the joggers. In 
the 50 year old age group the joggers do have higher levels of thyroxine 
and FTI values, but the differences are not statistically significant. 
These findings would seem to agree with the theory of higher energy re­
quirements in the younger men and or the theory of lower thyroxine re­
quirements with advancing age. 
Exercise Program 
No differences due to age were demonstrated in the body weights of 
the men enrolled in the exercise program (Table 29). This finding may be 
attributed to the small rise in body weight with age in the general popu­
lation, as was discussed earlier. It may also be due to the fact that 
enrollment in an exercise program indicates an awareness of the importance 
of physical fitness by these individuals. This awareness might have 
manifested itself earlier by an attempt to control body weight through 
diet. Thus, any tendency toward a rise in body weight with increasing age 
would have been negated by dieting. 
Examination of the effect of age on the pre-exercise thyroid 
variables demonstrates no significant differences (Table 31). This 
finding is in agreement with the concept of consistent circulating 
thyroxine levels throughout life. Age also had no effect on the post-
exercise thyroid values (Table 32). It might be anticipated that there 
would be differences in the post-exercise values if the younger men were 
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Table 27. Abbreviations for body weights and thyroid variables of 
men in the exercise program 
Variable Abbreviation Units 
Body weight BW pounds 
Initial serum thyroxine T4-I ng/100 ml serum 
Initial T-3 resin uptake T-3R-I per cent 
Initial free thyopac index FTI-I free thyopac index units 
Second serum thyroxine T4-II ug/100 ml serum 
Second T-3 resin uptake T-3R-ÎI per cent 
Second free thyopac index FTI-II free thyopac index units 
Table 28. Means and standard errors of the body weights of men enrolled 
in exercise program 
Variable" 30 year olds 40 year olds 50 year olds 
BW 174.55(11) 182.75(8) 167.86(7) 
7.14 9.87 9.49 
^Symbols used in this Table and Tables 29-35 correspond to 
abbreviations described in Table 27= 
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able to exercise with greater intensity than the older ones. However 
it would seem more likely that since this is the first regular exercise 
for any of these men for a matter of years, they would all be exercising 
at a relatively low level. This would be especially true in the initial 
10 weeks of the program, which this study encompasses. 
No significant changes were seen between the initial and the second 
thyroid indices in any of the age groups (Tables 33, 34, 35). This lack 
of change can possibly be explained by postulating that the level of 
exercise undertaken by these men was not of a high enough intensity to 
present a metabolic challenge sufficient to cause alterations in the 
circulating thyroxine levels. This theory is given credence by the 
observation that most of the men experienced painful, but minor, leg 
injuries by the third week of the program. These injuries were due to a 
failure on the part of these individuals to gradually increase their 
exercising, rather than trying to do too much, too soon. Several weeks 
passed before these injuries healed sufficiently to enable these men to 
resume normal jogging. 
The findings in this study indicate that the undertaking of 10 
weeks of exercise by sedentary men does not bring about significant 
differences in their circulating thyroxine concentrations. This is 
probably due to the fact that this endeavor can not really be considered 
exercise, but is rather a conditioning period. It would be of interest 
to examine these individuals quarterly, for one year, to see if changes 
developed as true exercise commenced. 
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Table 29. Statistical comparison of the effect of age on the body 
weights of men enrolled in exercise program using t-test 
Groups Difference 
compared Variable between the means Significance 
30 vs 40 BW 8.20 N.S. 
30 vs 50 BW 6.69 N.S. 
40 vs 50 BW 14.89 N.S. 
Table 30. Means and standard errors of pre- and post-exercise thyroid 
variables of men enrolled in exercise program . 
Variable 30 year olds 40 year olds 50 year olds 
T4-I 6.85(11) 6.53(7) 5.91(7) 
.52 .84 .54 
T-3R-I 103.82(11) 107.34(7) 104.99(7) 
2.92 2.53 3.40 
FTI-I 6.57(11) 6.03(7) 5.61(7) 
.44 .67 .43 
T4-II 7.30(10) 7.23(8) 6.85(7) 
.89 1.87 .74 
T-3R-II 101.68(10) 101.40(8) 103.05(7) 
3.49 2.72 3.83 
FTI-II 7.00(10) 7.03(8) 6.67(7) 
.75 1.64 .70 
Table 31. Statistical comparison of the effect of age on the pre-
exercise thyroid variables of men in exercise program using 
t-test 
Groups Di fference 
compared Variable between the means Significance 
30 vs 40 T4-I .32 N.S. 
30 vs 40 T-3R-I 3.52 N.S. 
30 vs 40 FTI-I .54 N.S. 
30 vs 50 T4-I .94 N.S. 
30 vs 50 T-3R-I 1.17 N.S. 
30 vs 50 FTI-I .96 N.S. 
40 vs 50 T4-I .62 N.S. 
40 vs 50 T3-R-I 2.35 N.S. 
40 vs 50 FTI-I .42 N.S. 
Table 32. Statistical comparison of the effect of age on the post-
exercise thyroid variables of men in exercise program 
using t-test 
Groups n*i 
compared Variable between the means Significance 
30 vs 40 T4-II .07 N.S. 
30 vs 40 T-3R-II .28 N.S. 
30 vs 40 FTI-II .03 N.S. 
30 vs 50 T4-II .45 N.S. 
30 vs 50 T-3R-II 1.37 N = S = 
30 vs 50 FTI-II .33 N.S. 
40 vs 50 T4-II .38 N.S. 
40 vs 50 T-3R-II 1.65 N.S. 
40 vs 50 FTI-II .36 N.S. 
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Table 33. Statistical comparison of the effects of 10 weeks of exercise 




between the means Significance 
T4-I vs T4-II .45 N.S. 
T-3R-I vs T-3R-II 2.14 N.S. 
FTI-I vs FTI-II .43 N.S. 
Table 34. Statistical comparison of the effects of 10 weeks of exercise 




between the means Significance 
T4-I vs T4-II .70 N.S. 
T-3R-I vs T-3R-II 5.94 N.S. 
FTI-I vs FTI-II 1.00 N.S. 
Table 35. Statistical comparison of the effects of 10 weeks of exercise 




between the means Signifi cance 
T4-I vs T4-II .94 N.S. 
T-3R-I vs T-3R-II 1.94 N.S. 
FTI-I vs FTI-II 1.06 N.S. 
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SUMMARY 
This summary is divided into two sections. The first deals with a 
study which utilized rats as the experimental population and the second 
is concerned with a study done on a human population. 
Study using rats 
This work was undertaken to investigate the effect of exercise on 
thyroid gland secretion, size of heart and seminal vesicles, and concen­
trations of liver and serum lipid. One-half of a group of 100 day old 
male rats were exercised by running on a treadmill at a speed of 1 mph 
for 12 weeks. The duration of the exercise period was gradually increased 
so that for the final 3 weeks the rats were running 1 hour per day. The 
thyroid secretion rates were determined prior to the initiation of exer­
cise. At the termination of the experimental period, serum thyroxine 
(ST), triiodothyronine resin uptake (T3-R), Free Thyopac Index (FTI), 
serum and liver cholesterol (CHOL) and triglycerides (TG), and cardiac and 
seminal vesicle DNA, RNA and collagen were measured. A method was de­
vised to compare those variables which were used to describe organ size, 
divorced from differences in body weight. 
The results of the determinations in this study were: 
1. No differences were observed between the body weights or the 
thyroid secretion rates of the two groups before the initiation of the 
experimental period. 
2. Final body weight and average weekly gain were significantly 
reduced by exercise. 
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3. ST and FTI of the exercised animals were significantly lower than 
those of the control animals. 
4. FTI was correlated with the final body weight. 
5. Cardiac DNA and RNA per mg of tissue were unchanged, however, 
the control animals had higher values for total cardiac DNA and total 
cardiac RNA than did the exercised ones. 
6. Total cardiac DNA and total cardiac RNA were correlated with the 
total cardiac collagen. 
7. Seminal vesicle weight, total RNA and RNA/DNA ratios were signif­
icantly higher ,in the control animals, while the DNA per mg was signif­
icantly elevated in the exercised animals. 
8. The group means for organ weight, total DNA, RNA and collagen 
were corrected for body weight. This was done by pooling the values of 
these variables from both groups and regressing them against pooled body 
weight. No significant differences were seen when this was done. 
9. Exercise resulted ir. nc significant alterations in the serum and 
liver cholesterol and TG. 
10. The observation was made that in our laboratory both swimming 
and running in the late fall and winter months will result in high inci­
dences of death for the animals, presumably due to a decrease in their 
resistance to chronic murine pneumonia. 
Study using humans 
An investigation was undertaken to study the differences between the 
thyroid parameters of long term male joggers and those of sedentary 
males. This study also examined the effect of a regular exercise program 
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of 10 weeks' duration on the thyroid parameters of men who had sedentary 
lifestyles prior to the initiation of the exercise program. Both of these 
inquiries included men from three age groups: 30-40, 40-50, and 50-60 
years of age. 
The results of this study indicate that: 
1. Age had no significant effect on influencing the body weights of 
either the joggers or the sedentary men. 
2. There were no significant differences between the body weights of 
the joggers and those of the sedentary men. 
3. Increases in age had no effect on the thyroid indices of the 
sedentary men. 
4. Thirty year old joggers had significantly higher ST and FTI 
values than did the 50 year old joggers, 
5. ST and FTI values were significantly elevated in the 30 and 40 
year old joggers when compared to sedentary individuals of like age. 
6. The men in the exercise program exhibited no significant differ­
ences in body weight due to increasing age. 
7. No significant differences in the thyroid parameters, due to 
age, were seen at the initiation of exercise. 
8. Ten weeks of exercise resulted in no observable changes in the 
thyroid parameters. This was seen to apply to all three age groups. 
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ADDENDUM TO THE EXERCISE PROCEDURE 
As mentioned in the Materials and Methods section, the use of running 
as the mode of exercise was undertaken in an attempt to avoid the high 
death rate associated with swimming. My initial research study, which 
employed swimming of 100 and 200 day old animals, resulted in an almost 
complete loss of the experimental population. Gross examination of the 
lungs at autopsy revealed a marked degeneration of the pulmonary tissue. 
The exercise was carried out in the late fall and early winter 
months. Previous work done by other investigators in this laboratory 
(McMahon, 1972; Long and Witte, 1973) also demonstrated that swimming 
during the colder months resulted in an exceptionally high death rate, as 
compared to swimming during other seasons of the year. It was concluded 
that the combination of swimming and the time of year somehow lowered the 
animals' resistance to the chronic murine pneumonia (CMP), normally car­
ried in rats5 thereby resulting in death. 
It was thought that running would eliminate the possibility of lung 
irritation which Yevich et (1969) reported accompanies swimming. 
If a synergistic relationship between swimming and the time of year 
existed, then the substitution of running for swimming should result in 
a constant mortality rate, regardless of the time of year. 
Thus, the initial plan for this investigation included the use of 
200 day old animals, in addition to the 100 day old ones reported in this 
study. Treadmill running was initiated in the older animals in mid-
November, after the younger animals had completed their exercise period 
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without any noticeable respiratory problems and had been sacrificed. 
After approximately one month's time the exercised animals began to die. 
Shortly thereafter the control animals, whose cages were in close prox­
imity to those of the exercised animals, also began to exhibit an in­
creased number of deaths. The lungs of all dead animals exhibited de­
generation upon gross examination. 
The conclusion may be drawn from these findings that for some reason 
there is a decrease in the resistance of the rats in our colony during the 
winter months. Any type of exercise, either swimming or running, which 
puts an increased metabolic load on the animals, results in an increased 
pathogenicity of CMP leading to their deaths, as well as contamination and 
death of the nearby controls. 
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APPENDIX A: CONSTRUCTION OF TREADMILL 
In an attempt to avoid the high mortality rate associated with 
exercising rats by swimming, we chose to turn to the treadmill as a mode 
of exercise. Because of the expense involved in purchasing a commercial 
treadmill, it was decided to construct a treadmill based on the innovative 
paper by Jette et al. (1969). Although the original dimensions of the 
treadmill remained unchanged several modifications were made which served 
to reduce the total cost to less than $100.00 at today's prices, 
exclusive of the power source. 
The initial change was to build the treadmill frame out of 2-inch by 
4-inch pieces of lumber. This lowered the overall cost by eliminating the 
need to purchase angle iron and have it drilled and welded together in 
the required dimensions. The wooden rollers were replaced with 3-inch 
diameter plastic plumbing pipe. Size 14% rubber stoppers, which were 
drilled with a half-inch drill bit, allowing a snug fit of the 0.5-inch 
steel shaft, were placed in the ends of the pips. Fan belt dressing was 
applied to the pipe to eliminate any problem of slippage between the pipe 
and the neoprene belt. 
Plexiglas flanges 0.5 inch wide were cut out on a drill press by 
means of an adjustable circle cutter. These flanges were attached to the 
plastic pipe, on either side of the belt, by means of #1 Pleximent 
(Ethylene Dichloride). Holes were drilled in the steel shaft on both 
sides of each pillow block. Cotter pins were placed in these holes to 
prevent sideward movement of the rollers. 
It was found necessary to cover the running compartments with plywood 














The problem of the covers limiting the circulation of air was solved by 
drilling 24 0.125-inch holes in the front and the back of each individual 
running compartment. 
The shock grids at the rear of the running compartments were connected 
to the apparatus shown in Figure 1. It consists of an American Electronic 
Labs (Model 751 B) stimulator, a switching relay, a 12-volt battery, a 
high voltage car coil, and a contact key. The contact key allows one to 
shock an animal who has stopped running, while an animal that momentarily 
bumps against the grid is not shocked, as would be the case with a constant 
charge in the grid. 
A Hoover 1/6 H.P. A.C. ball bearing motor connected to a Revco 
variable speed torque converter (Model 142X) powers and controls the speed 
of the belt. The drive shaft is connected to the torque converter by 
means of a flexible coupling. The power supply apparatus was obtained 
from a vacuum pump, making the use of an electric drill and an autotrans-
fortner unnecessary. 
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APPENDIX B: DETERMINATION OF TISSUE HYDROXYPROLINE CONCENTRATION 
1. Dry fat-free samples of heart (10 mg) and seminal vesicles (2 mg) 
were placed in 10 ml of 6N HCl and incubated 16-24 hours at 115°C in 
a drying oven. 
2. The tubes were removed from the oven, cooled, and about 1 ml of 
Norit resin was added. They were then centrifuged for 10 minutes. 
3. Two 2-ml aliquots of the supernatant were put into test tubes and 1 
drop phenolphthalein was added. The color was then adjusted to a 
faint pink with KOH. 
4. The volume was adjusted to 8 ml with double distilled water. 
5. An excess of KCl was added to each tube (approximately the same 
amount to each tube). 
6. Two ml of borate buffer (61.84 g boric acid and 225 g potassium 
chloride were added to 800 ml of distilled water, the pH adjusted to 
8.7 with potassium hydroxide and the final volume made up to 1000 ml) 
and 1 ml of alanine (10 g alanine was dissolved in 90 ml distilled 
water, the pH adjusted to 8.7 with potassium hydroxide and the final 
volume made up to 100 ml) were added to each tube, the tubes were 
mixed well, and then allowed to stand for 25 minutes with occasional 
mnvinn III I • I • 
7- Two ml of chloramine T (5.63 g chloramine T was added to 100 ml 
Methyl Cellosolve) were added to each tube and allowed to stand for 
25 minutes. 
8. Six ml of sodium thiosulfate (89.35 g sodium thiosulfate was added to 
100 ml distilled water) were added to each tube. 
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9. Ten ml toluene were added to each tube and the tubes shaken for 30 
seconds. 
10. The toluene was aspirated off and the tubes placed in boiling water 
for 30 minutes (the 30 minute boiling period did not commence until 
the water had started to boil again after the tubes were placed in 
it). 
n. The tubes were removed, cooled, and 10 ml of toluene added to each 
tube. They were then shaken for 30 seconds. 
12. Five ml of the toluene phase were removed and placed in another test 
tube. Two ml of Erlich's reagent (27.4 ml concentrated sulfuric acid 
was added to 200 ml absolute alcohol in a beaker and the mixture 
cooled; to this mixture 120 g p-dimethyl ami no-benzyladehyde, which 
had been dissolved in 200 ml absolute alcohol, was slowly added) 
were added to each tube, mixing rapidly. 
13. After 30 minutes the samples' per cent absorbance was read at 560 my 
on a Spectrophotometer. 
14. Hydroxyproline standards having concentrations of 1 ug/ml to 10 yg/ml 
were run with the samples. These values were used to calculate the 
concentrations of the samples, employing the method of least squares. 
